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PREFACE. 



ThK First and Fourth Reports on Atomic Volume and Iso- 
moqihidin, Ity Profoiwor Otto, of Brunswick, contained in the 
pre^nt volume, are extracted from the second edition of that 
author's systematic work on Chcmtatry, now in course of 
publication*, They contain, I believe, a more detailed account 
of the researchea and speculations of H. Kopp, Schrikler, 
Liiwig, and others, than boa hitherto been given to the public. 
Tlie iin|ierfect but advancing state of these branches renders 
their critical discussion useful and opportune, and incites to 
farther inquiry. The more recent memoir of M- Filhol, trana- 
Inted from tlie Anntileg de Chimie et de Physique, t. laa {Zme 
M^rie), haa been added, as it contains a series of new deter- 
nunatiouB of the specific gravity of" many substances, by which 
he is enabled to test M. Kopp'a theoretical conclusiona, and 
to modily tbcm in several points. 

The Keport on Endosmoais, by Dr. Julius Vogcl of Giessen, 
is the trnn^liitioii of a Iract-p.uljlished separately by him, uader 
the title of the report. The Jftttentibp' qf -chemista and physio- 
logists has lately been reeallcd-toL this Bixlijj)ct-'l>Jf the researches 
of Liebig on the Motion of the *Tliict#-^n ihe Ataiiiial Body. 

The Physical Investigations.: UQ I^Jetug, by M. Chevreid, 
vliioh form the fifth Memoir; 'wece-'WatTJicfore the Frencli 
Aciulemy. and published in the Ret'ue Sclentifiqne el IjidmtrielU, 
I. jtii., 1847, from which they liave been extracted. 

The valuable memoir of M. Regnault, On the Latent Heat 
of Steam at dilferent Pressures, is a portion of a series of 
invettigatione undertaken by that chemist, at the instance of 



■ Lehrbueli Her CliPtaie. Zum Tlieil auf Grundlage von Dr. Tliomos 
fltalwin^ KItmentt qf Chtmialrs, licarbeitut van Dr. Fr. Jul. Otto, Ordent- 
Dctoa ProfoasM <lar Cbeiiii« um CoUegio Coralino zo Braimschneig. 
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the French Goveniineut, to elucidate the theory of the StcnTii' 
Engine. It is extracted rrom n volume entitled, Rehtion n 
Expiriencei entreprises par ordrr tie Monsieitr te Mhmire >U 
TravaiLT Publics, et sur la propositiem de la CommiitiuH Centra 
des Machines & Vapeur, pour diterminer Us prineipaUs Ms 
let dottn^es num^riqties qui entrant dans k ealcul das Alaekintt d 
Vapeur. Par M. V. Regnault, Inginieur au Corps Ro^at dt» 
Mines, Membre de F Academic des Sciences. Paris, Firmin-Did^it, 
1847. This is a volume oi* the Memoirs of the French Academy,' 
which lias been published scpnratelyi and is accompanied by on 
Atlofi of magnificent plates. 

The report by Professor K Kop, of Strasbui^, on the 
Artificial Formation of Alkaloids, is also drawn from the Revue 
Scientijiipie et Industrielle, t. xi., p. 273. 

The memoir by Professor Bunsea, on the Pscudo- Volcanic 
Phenomena of Iceland, was originally published in Liebig's 
Annakn der Cliemie und Phannacie, bd. Ixii., 1847. Il con- 
tains the new theory of the Irruptions of the Geyser Springs, 
established by M. Deecloizeanx and the Author, with many 
intcrestbg observations on the metamorphism of the palagonite 
rock, and olJier chemical changes observed in course of progree* 
lit ttus focus of volcanic activity. 

The translation of all thcsij.wpere hae been executed by 
Dr. G. E. Day. . •. *• :"'Vv'i 
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REPORT. 



)N THE RELATION OF THE VOLUMES OF BODIES IN 

THE SOLID STATE TO THEIE EQUIVALENTS 

OU ATOMIC WEIGHTS. 

By Professor Otto, of Brunsteick. 

Chemists fully comprehend ihe nature of the reUtion which 
exists between the equivalent of a substance and its volume 
the gaseous state. Equal Tolumee of ditlerent gases or 
apoura do not always correspond to the same number of 
juivalentji; or, if we may use the expresBion, the equivalents 
difibrent substances, when gasified, do not all fill an equally 
space, and hence the equivalent volumes of gasea and 
are of different size. These gaseous volumes, however, 
lys bear to each other a simple ratio, such as 1 to 2, I to 4, 
&Ct and the difference is subject to known laws. 

If we assume that the equivalent weights con-ectly repre- 
it the weight of tlie atoms of bodies, what has been said 
the volume of the equivalents will apply to the volume of 
Atoms in the gaseous state. 

We are now in a position to consider whether the equiva- 
lata or atoms of bodies in the solid and fluid state occupy equal 
BB, or spaces of different dimensions; whether the equivalent 
tiliimcs or atom volumes of solid bodies are of the same or 
diflisrctit sizes. The equivalcut weights give the relations of 
eight in which bodies unite to form chemical compounds. If, 
sw. we know the speeitic weights of bodies, we may determine 
Itv relation of volume in which they combine: for we have 
only to divide the equivalent weights by the specific weights 
order to obtain a quotient expressing the relations of their 
bliunos. Sulphur and zinc, for instance, combine chemically 
in the proportion by weight of 200 of the former to 406 of the 
Itffr; these numbent express the relation of their equivalent 

B 



s 



Tire VOLUMES OF B0DIF.9 



weigKta. Tbe ppccific wciglit of sulphur is 1'99, and llint wf 
ziuo is 6"95; the relation ot" volume of these quantities of sul- 
phur and zinc is therefore y^ to 



|.^|, or as 100 to 58; 



that 



ia to say, 100 volumes of sulphur combine with 58 of ri 
Hence the quotients ohtalued by dividing the cquivali 
weiglits by the epecific gravities ex])res8 the relatiTC voliuu' 
which the eqriivaJenta of bodiee in the solid or fluid condition 
occupy; they are the equivalent volumes of solid and fluii 
bodies. If A dcaignates the equivalent weight, and 8 the ej 






cific weight, then the equivalent volume is equal to -. 

s 



To 



quotient Kupp applies the term specific volume, since it b 
relative number, like the specific gravity. But as the cqui^ 
lent weights are relalivc numbers, and wc cannot alter the 
designation to specific combining weights, I reganl the term^ 
equivalent volume as a more suitable one, especially as it has been 
adopted in a. corresponding sense for gases and vapours. If, 
instead of equivahmts, we speak of atoms, the term eqiticalent 
volume becomes naturally converted into atom volume, a wor^H 
which I first find used by Dumas, in this sense, in his Traiti d^^ 
CIthnie apptirpi^c aux Arts. Schroder, who, together with Kopf 
has devoted much attention to this subject, has recently, at 
suggestion of Berzeliue, employed the term molecular volume il 
place of equwaleiil volume. In the illustration we have givei 
100 is the equivalent volume of sulphur, and 58 that of zinc 
The equivalent weight of nitrate of silver, AgO, N Oj, beir 
2125, and its si»ecific weight 4-36j its equivalent volume 
therefore, ^i|| or 478. 

It will be more clearly seen what wc are to understand by 
the numbers indicating the equivalent volumes, if wc regard 
the equivalent weights as numbers of grammes. The numbers 
200 for sulphur, 406 for zinc, imd 1350 for silver, then indicat 
that 406 grammes of zinc and 1 350 of silver combine chcmicall) 
with 200 grammes of sulphur. If we consider that all etat 
ments regarding specific weights, both of solid and fluid bodies, 
arc calculated on the assuuiption that that of water is unity, 
and that 1 cubio centimeter of ivater weighs 1 gramme, then it 
follows tliat the specific weights of bodies express the numbers i 
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grammes that 1 c c. of the body wejgbe. Thus, the numbers 
1 *99 and 6*95, the specific weights of sulphur ttnd zinc, indicate 
that 1 c. c of sulphur and 1 o. c of zinc weigh respectively 
1*99 ftnd 6'93 grammes. Now siuce the equivalent volumes 
obtuined od dividing the equivalent weight euppoBed to be 
expressed in grammes by the specific gravity (the weight of 
1 c r. expressed in grammes), it follows that the quotient, the 
T^uhnlenl volume, indicates the number of cubic centimeters 
occupied by that number of grammes of the body which ex- 
presses its equivalent weight. If we know that the equivalent 
weight and equivalent volume of sulphur are reepeclivcly 2O0 
and 100, and that for zinc they are 406 and 58, then we can 
readily understand that 200 grammes of eulphur occupy a space 
of 100 c. c; and 406 grammes of zinc a space of 58 c. c 

It Ia clear that the numbers for the equivalent volumes 
must differ according as, in reckoning the equivalents, we use 
those in which the equivalent of oxygen is assumed to be 100, 
or those in which the equivalent of hydrogen is regarded as 1, 
and therefore that of oxygen 8; but the relation of the equi- 
valent volumes remains the same, exactly as the relation of 
the equivalent weight is unaffected, whether we take oxygen 
or hydrogen as our unit. Moreover it is obvious tliat those 
cheiuists who in individual cases make a difference between 
ihc cqui^-alent weight and the atom weight, admitting a parti- 
tion of the equivalent into two atoms, have also in these cases 
lo make a difference between the equivalent volume and the 
ntom volume. The equivalent and equivalent atom of iodine 
(1) is 1585, the specific weight is 4'93: hence we calculate the 
njuiralcnt volume as \^^^ , or 320, The volume atom of iodine 
cledu«:<l from the density of its vajwur ("I), and the atom deduced 
from the specific heat of iodine (•!), both weigh, however, only 
h«lf ne much as the equivalent, 792-5; the "atom volume or 
■atom volume amounts therefore to ^^ g ^ , or 160, and ia conse- 
qncntly only half as great as the equivalent atom volume, 

The accuracy of the numbers expressing the equivalent 

volumes is natui-ally dependent on the accuracy with which 

tlic c(|(ii>Alent weights and specific weights are determined 

""*•«» wc consider that the former weights are only close 

'Dtations, and that regarding the latter we often meet 
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wllli Tory dwcordnnt atntcmcnts, we canoot help acknowled" 
tn(( tliul llicnn iiiiriiln!iB arc always to be regarded as only 
•(»|iroxi mating m wimo nien^ure to the truth, and thus it he- 
OMini'ii iilivi'iim Iinw it in lliat different chemists have assigned 
<litt<>r"iit miriiluTd liir one and the same body. The following 
tflblp noiitiiina in tlio first column the names of the varioua^^ 
«|ti(iii'iili (und id' cyanogen) for which the equivalent volume 
U I'lil'-nlitti"! rrmn ilii' niuivah-nt weights arranged In the 
■niuiml ifiihunii, and ihoso Njieeifie weights which Kopp regardsfl 
n» nioit iii'cnruioly ili-li'rinined. in the third column. Tha" 
fourth •'oliinni n'vew ihit rcKnlt of tlda calculation, or the cqui-_ 
viilonr vohnin>, in intcgnU numlwrs. 



NtMI. 


KiiiiUiitrnl 

\V.|«I,I. 


SnedAc 


E^iuitilent 


VfagM. 


Volume. 


Aiinmrinj ,,., 


1013 


6'7S 


240 


Atwiilii 


P37-1 


5-U 


160 


til Ill 


lOflO 


9-85 


270 


lli'i'iiliiii .„ 


looo 


3'OS 


326 


I'aiimlaiii 


™ iMt ... 


8-60 


81 


riil.irliiu 


443-1 


1-38 


390 


Chrniiiliiiii ,,, 


318-ft 


S-10 


M 


Ciiliitl 


3U-b 


S-39 


44 


Ca|i|>i» 


W 


9-00 


44 


d'niii'lBri 


S2a 


1-08 


315 


(laid 


Mh 


19-10 


128 


tiHlIrm ,,„ 


lSflS-5 


4-93 


320 


IlllllllMI .... 


1233 


Sl-W 


57 


Ilrlll „„ 


3B0 


7-70 


U 


IjMll 


U9I 


11-35 


" >hJ 


Mi>riiiiry 


XiW 


13-60 


MB 


Udtrlolfniiiii 


sua 


B-OB 


earn 


Nlrkrl 


36S'3 


8-41 


mI 


Odiiliiiii 


>... 12430 


2I-B0 


wl 


Faltulliiiii 


•". AAQ'A 


- 11-70 


*'l 


fliMpborui .... 


:]B3 


1-77 


X22I 


natlniini 


1132 


21-60 


"■ 


''oriHluiD 


409 


0-84 


BB3 


RbodlBn '. 


eS2 ... 11'40 


57 


Mmluta -..' 


495 ..- 4-SO 


"I lis 


S'lvw 


1.1S0 


10-40 


130 


Sodium 


2B0 


0-99 


292 


SiiIpLur 


200 


1-99 


100 


T'llurrum „.. 


Biia 


R-26 


128 


I'll. 


733-3 


7-28 


101 


Tjtaniuni ..,. 


3111.5 


5-33 


56 


'"'"'ptfli .... 


li»a 


»?-io 


JO 


^^ 


406 




58 





AND THEIB ATOMIC WEIGHTS, S 

From litis table we at once observe that the equivalent 
volumes of the elements differ I'roia one aunther to a remarkable 
degree; the equivalent volume of iron is 45, that of iodine 320, 
and that of potassium 583. On a closer examination we find 
lliat the equivalent volumes of several elements are either of 
the same magnitude, or stand in a simple relation to one 
another. We may select the following groups from the 
above table. 





Biiidi. Tol. 




Eqaiv, rol. 


Cobtilt 


45 


SeWiam 


1 15 


troQ 


44 
44 


Sulphur 


100 


Nickel 


44 

44 


Gold 

SUver 


laa 

130 


Iridimn ., 


57 






Oimium 

FalUdiam 

PlaEiDDm 


57 
57 
57 


Bramioe 

Chlorine 


326 

320 


TifJiniiun 


B6 


Cyanogen 


315 


ISbc 


58 


Iodine 


320 


Chromiuon 

Muljrbdeiiam 


64 
68 


PatHHsioia 


292 


TungJ^toi 


ro 


Sodium 


..., 583 



It may be at once remarked that these groups in general 
embrace elements which yield isomorphous combinations. 

Iron may, for instance, be replaced in a compound by an 
equivalent quantity (by weight) of mnnganeae, without auy 
I'linn^ of form occurring to the compound, since the sulisti- 
lutcd quantity of manganese has an equal volume with the 
qnantily of iron for which it was substituted, and therefore 
fiUa an equal space. But, as we shall presently show, the 
dements are not always held in combination with the same 
^e<iuivalent vohime as they have in the isolated state; we there- 
ore term the latter, the original equivalent vohime. 

The equivalent voluoie of a body must vary with the tem- 
aturc, since bodies become expanded by warming, and 
greater at a higher than at a lower temperature. In 
other wonis, since the s|)ecifie weights of bodies diminish 
as those bo<lies are warmed, it follows that in calculating the 
equivalent volumes, the divisor becomes less in proportion as 
the lemperature ia increased: the quotient — the equivalent 
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vi'liinic-rbccomcB, tlioroforc, bo much the larger. According to 
tli« Rtniiiio tlicorj', the cxjiansion of IxidieB on warnuug is 
ill' 1 1 fill lent on iiu iiitirca^e in the relative distiinccB of the atom.-). 
AtmiiM, tiif^clhcr willi the spaces interveniug between them, 
ur, M we grncrallv exprcse it, the surrounding ephercs of 
hunt, oNiuine, therefore, a larger ^poce in a higlier than in n 
liiwer tiini|>i'nituro; that iu to say, the atom-Tolunio is larger In 
the former Ihnii in tlie iiitter state. 

Tlio iiuoiitiiin niiw arisea, at what temperature should the ** 
oiprivulcnt voiiinuB of liodicB be submitted to cotupanson witli 
(iFir (iniilher? That in this case corresponding teinpenitureB are . . 
not wiunl tcnipemtnii'H in at once obvious, if we take into con- 
■IiliTiilion the very liifTereiit degrees of expansion which fluid — 
iukI wilid liinlii-i> uiidergii iVoin iin equal amount of bent. Wc 
*hull Rulineiiuinitly lim) that for fluid bodies those are corres- ,'y ' 
|iiin<IIii|{ t<'ni|i(<n)turi'ii at whieli the teuBion of their vapours i^ 
iii|iially ntiv'Dft, Hint [hut eonBi'r|uenlly at these temperatures the 
oorrpiiHindin)! cipiivnk^nt volumes must be determined, if we ' ''', 
wl"h III iiinlituli' a I'liiiipiinHon between them. In the co^ i^^.,-^ 
■nihil bodied, Eiopp ri'^iu'dii tliimo temperatures as probably cor-'^^^p 
rMpoiiillnft which lie eipiidiBtant from tho fusion-points, f-or 1^| 
■ili'li liiMlirn an havu nearly Hiniilar fusion-pointa the same de- *^3 
Ktei'ii of ti'inp'iratiirr denote also eorrosiwnding temperatiu-es, "t^ 
nnd in nucIi cnmni It imntl follow that the augmentation of ibc VZk 
(<i|iiivtili<iit \ohiioei> in the name for Bimilar elevations of torn- ' 
lictiiliiiv, mill dial M fiiiipln relation is estatihshcd. Thus, ar^ 
(>4iriliiiK to Kiipji, (III i'i|uivHlent volume of ziuo increases ia b«!k ' ■ ■'ii, 
iiu Ihii luinperiilure belli;; rained from :12° to 212'^F. almost^ 
vxiu'tly an iiiui'h an an eijuivalcnt volume of tin, while jini *, 
vipiivalont vi>tunu« of binnmth inereasos to nearly double the 
I'KlKtiti the wane ehrvation of temperature increaBes to nearly, 
the muni' decree an eipiivideut v.ilnine of platinum aiui an- 
ciiiiivalent vohmie iil' |Mdla<iiiini, while, if m|uivalent volulocs of f'-l 
gold and copper nre iinbniitled to n Bimilur elevation of tempera- U 
lure, the aii^nentation of the former i« nearly twice na great ita 
that of tho latter. The equivalent volume of gold at 32° is, 
fixed at 1.111, and ihiit of enpfier at 4 1; liy raising the tempera-' 
ture to 212° the former beciimcs increased to 130-4G, and tlio 
Intler to 44-23; so thfit wliilo for the (-opper tlic augmenta- 
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tioH is 0*23, the corrceijonding augmentation for the gold ia 
2 X 0'23. It ia scarcely necessary to rciiiiirk that li-om tWia a 
partition oF the equivalents of btsmulli and gold into two atoiuB 
might he inffrrcd. The equivalent volumes of the elements in 
the ahiivc lahle arc calculated for the ordinnry mean tempera- 
ture, since the Bjiecific gmvitiea used as divisors are the specific 
gra\-iticd at that tcmpemture. 

According to Schroder*, solid bodies are in corresponding 
states Bt such temperatures as are at corresponding distances 
fmin their fusion-heat, and in auch conditions their equivident 
volumes stand in the relations of whole numbers. At a tem- 
perature removed about as far fi-om their fusion-points as the 
onlinary tcmperatiire from a red heat (400° to 1000° C.) the 
cquivideut volumes of solid bodies arc cxprcaecd by numlwrs 
which, token together, are midtiples of 4; these are termed 
by Schr6<lcr the theoretical equivalent volumes. They are col- 
lected in the following table: 



Alumiiiuai 


.... 60 


MulfbdeDBiIi 


118 


AnMuc 


.... 164 


Nirko-l 


44 


lUriuni 


.... 144 


Onmiuni 


H 


Blunatli .^ 


.... 128 


Oxjgen 


„ G4 


Bmmine 


..„ see 


PallBdiam 


„ t2 


Cailmium 


.... SO 


Pliosphorui.,., 


... 320 


Calcium 


.... 50 


PlitinutD 


B9 


Cwboa „ 


.... 3fl 


Patawiain 


240 


CnJorine „.. .„ 


.... 240 


RbodiDiD .... 


.... BB 


OmDiQtn m^ a.kk 


.... 72 


Sclrnium 


118 


CotMh 


.... 44 


Silvir 


128 


Copper 


.... 44 


Sodium 


„. ~. «« 


Oald 


.... 6< 


StroutiuiD .... 


._. 104 


tixtlnv .^ _. 


.... 424 


SulpbOT 


... 112 


liliUun ■— 


... S2 


TeUurinm .... 


12B 


Iran,-. _ 


.... 44 


Tin 


100 


tod .„ .... 


.... lie 


"niauium 


56 


M«(vn«M .... 


.... 44 


TungUea .... 


68 


Muigtnic tdd ,.,. 


.... 5fi 


ZiDi^ ... 


BS 


Mm-urj ,. 


.... 88 







It ia evident that in order to determine the equivalent volumes 
of euniiH>iiiHlB wc niiiflt proceed in exactly the same manner as 
in dctenniuing the equivalent volumes of the elements in their 

" Srhii.Ji-r. lUa M«l«uliitvolunilDa da chrmisdien Verhlndungen. Msnnlidiii, 
fi. Bhwthiiiiiii, lHt3. Fur n rriucicni u( Ml Memoir, coomlt Kopp, Bnmerkunfm 
■V Vnluinllirarlf. HnunKhvng, 1814. 
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Bolid (or fluid) states ; that ie to say, we must divide the equiva- 
lent weight by the specific weight. The equivalent weight 
of oxide of copper, CuO, for instance, is 396 + 100 = 496; 
its apec-ific weight is 6'4 ; tlie equivalent volume is therefore 
496 grammes of oxide of copper (I Eq.) conse- 



4fl« r-.i 



6-4 



= 1 I -a. 



quenlly occupy a space of 77"5 cubic centimeters. The equiva- 
lent weight of sulphide of copper, CuS, is 396+200=596; 
its specific weight ie 4'16; the equivalent volume is, therefore, 
= 144. The equivalent weight of the disulphide of copper, 



598 



4-16 

CujS, is 2x396 + 200=992; the specific weight is 5'97; the 
equivalent volume in therefore y^il = ^^^' ^^'' ^'^' 

The question now arises, in what relation do the equivalent 
volumes of compouud substances stand to the equivalent volume 
of their constituents? Is the equivalent volume of the com- 
pound the sum of the equivident volumes of its constituents, or 
does a condensation or an expausion accompany the chemical 
union? If, before discussing this question, we take a glance at 
the relation in which the volume of a gaseous compound stands 
to the volume of its gaseous constituents, we fiud that in many 
caees the volume of the comiiound is equal to the sum of the 
volumes of the constituents, but that in moat cases a condensa- 
tion, and, in a few instances, an expansion follows. If con- 
densation or expansion follows, the relation of the volume of 
the compound to the volume of its constituents is invariably 
expressed by very sinq)le numbers. For instance, 1 Eq.-voL 
(2 vol.) of hydrogen giis and 1 Eq.-vol. (2 vol.) of chlorine gaa 
give I Eq.-vol. (4 vol.) of hydrochloric-acid gas; the volume 
of the compound ie the sum of the volumes of the constituents. 
3 Eq.-vol. {6 vol.) of hydrogen gas iind 1 Ei|.-vol. (2 vol) of 
nitrogen gaa give 1 Eq.-vol. {4 vol.) of ammoniaoal gas; hence 
it follows that with the chemical union there is a condensation 
in the relation of 8:4 or of 2:1; 1 Eq.-vol. (2 vol.) of hydrogen 
gas and 1 Eq.-vol. (1 vol.) of oxygen gas give 1 Eq.-vol. (2 voL) 
of aqueous vapour; there, being in this case a condensation in 
the relation of 3:2, 1 Eq.-voL (2 vol.) of vapour of mercury 
■nd 1 Eq.-vol. (1 vol.) of vapour of sulphur form 1 Eq.-vol. (3 

vol.) of vapour of sulphide of mercury, the chemical union 
being, in this instance, accompanied by an expausion in the 
relation of 2| : 3 or of 7 : 9. 
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If a coadensation occurs in the union of gaacoua demenlB 
c laay, in various ways, cooclude beforehand what ia likely to 
ir. We may aseume that the goaea enter into the combina- 
tion, which is then condensed, or we may suppose that one or 
llier of tlie gaaeoua conslituenta, or till of them, become con- 
nsed previous to their combining, and that tJten, without 
urther condensation, chemical union occurs. According to the 
brmcr view, the compound suifers condensation, while, accord- 
to the latter, its conatitiieiita undergo this modifiLiiliun. 
or instance, in the imion of G vol. of hydrogen gaa and 2 vol. 
of nitrogen gas, we may either aay that the 8 vol. of amnioDiocal 
ga9 tluit are produced ore condensed to 4 vol., or that the 
6 vol. of hydrogen gaa are condensed to 3 vol. (3 Eii.-vol.) 
,d the 2 vol. of nitrogen gas to 1 vol. ( 1 Eq.-vol.) and (hat the 
ion into the 4 vol. of ammoniacal gaa now follows. 
Let us now see in what relatione the chemical union of solid 
occurs; that is to say, in what relation the volume of the 
lund iu the solid state stands to the volume of the con- 
etltiicnta in the solid atate. If there occur between the two, 
uniple relations similar to those between the volumeii of gnacoua 
Com[K>unds and of their constituents, we are then in a condition 
calculate from their solid compounds the equivalent volume 
iIkisc elcMK-nts which, in their isolated state, we eimnot obtain 
a eoliii form, as oxygen, hydrogen, &c., and knowing the 
uivalent volume of these elements, we likewise know their 
lecilic weight in the solid condition, since the hitter is obtained 
dividing the equivalent weight by the equivalent volume, 
an an&liiguua manner we may determine from their gaseous 
mix)itnds ihe spcciflc weight of the gasea of such bodies aa, 
luted, cannot be obtained in the gaseous form, as, for instauce, 
s[>ecific weight of carbon vapour from the specific weight of 
rbi'iiic acid gOB. 
Wv have already found that the equivalent volume of sul- 
jihide of copjier, Cu S, is ^.°" or 144. The equivalent volumes 
copper iiMil sulpliur arc known, that of copper being 44, and 
,t of Hulpbur tOU; hence the equivalent volume of sulphide 
copper u cxjictly equal to the sum of the equivalent volumes 
it»Conalilucnts. 44 cubic centimeters of copjwr (I Eq.) and 
C. c. of sulphur {\ Eq.) yield exactly 144 c c (1 Eq.) of 
'Ipbiilc of copper. The equivalent weight of eulphidc of 
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lulvor, Ag S, is 1550, and tlie epccitic weight is 6*8; the equiv*- 
lent voluiDC is therefore -■ q.\'' or 228, a number wbicb ap- 
pruat^hcB quit« as cloeely to the sum of the equivalent voluuee 
of nilviT (130) and BulphuT (100) as we have any right to 
expect; 130 cubic centimeters of silver and 100 c. c. of sulphur 
yield, therefore, 230 c. c. of sulphide of silver. The calculated 
■pcciflc weight of sulphide of silver is consequently 



1550 
330 



or 



B-71, whioli does not differ from the observed specific weight 
Uy quite 1 per cent. (674 : 680 = 100 : lOO-fl.) 

The e({uivnJGiit volume of disulphide of copper, Cu^ S, has 
hvA-n shown to l>e ~~ or 166. The sum of 2 equivalcDt 
VDluiiieN of rtipper and 1 equivalent volume of sulphur is, how- 
cviir, 1H8, (namely, 44+44 + 100,) whence it follows that the 
equivalent vnlunio of (Uttulphide of copper does not direcily 
(■(irrcniMiiul with the auui of the equivalent volumes of it* con- 
ntilueiitn. Th<; equivahnt weight of bisulphide of iron, Fe Sj. 
ia 761) (350 + 200 + 200,) and the specific weight is 5-08; the 
«(jutvuli'nt vuliiine is therefore y^^ or 147. On adding the 
equivuli-nt volunien uf ihc constituents, those namely of Fe and 
8H, we ulitjiin the number 245, and hence it follows, as in the 
di«ulphidc of rtipper, that the equivalent volume of the hisul- 
pliidu of iron in nmeh emiiller thau the sum of the equivalent 
voluinn of its constituents; a condensation must occur in the 
eheini<.'al unimi nl' the eo|iper and sulphur into disulphide of 
V<J|i|Krr, and lilcewimi in that of the iron and sulphur into bisul- 
pliidi) of iron. Thu u(|iiiviUent volume of potassium. If reckoned 
from ita iquivalciit weight (489,) and its specific weight (0-84,) 
is 683. Hut liic equivalent volume of the oxide of potassium, 
K O, if enlcuUtcd from its equivalent weight (589,) aud it« 
Bpccifie weight (2'6(!) is 221, and therefore far smaUer than 
that of [JotasBiiiin, one of its uonstituents; 583 cubic eentimctera 
of iwtjuwiuni togetliuT with the oxygen required for oxidation 
have been condensed into 221 c. e. of i>otash. 

The equivalent weight of the sulphide of arsenic, commonly 
known as realgar, AsSj, ia 1337-5 (937-5+200 + 200,) and its 
sjMTcific weight is 3-56; the equivalent volume is, therefore, 375. 
The sum of the equivalent volume of the constituenta of realgar 
amounts, however, to 360(160+100+ 100,)and hence it follows 
that the e(|uiva1ent volume of realgar is gre* He sum of 
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the equivalent volumes of its conetitticuts; hence, in the chemical 
union of arsenic and sulphur into realgar, there oiuet occur a 
iiegiitive condensation, or, in other words, an expansion. 

As in the chemical unii>n of elements in the elates of goe or 
i.-apour, 50 also in the chemical union of elements in the solid 
coiuIitioQ we find that the volume of the resulting compound 
is either equal to, or smaller than, the volume of the conatitueuta, 
in which hitter case (one, by the way, of very frequent occur- 
rence,) condensation must have taken place, or finally, that the 
volume of the com^wund is greater than the volume of the con- 
atitucnta, and that consequently an expansion takes place. 

After Hcrapath, BouUay, and Karaten had sought in vain 
t(i find any regular law regarding the change in volume occurring 
in (he chemical union of solid bodies, Kopp endeavoured to give 
roniiiiliD for the calculation of the specific weights of compounds, 
IViim the apecific weights and equivalent weights of their con- 
stituents, whereby he was led to conclude that condensation 
occurred in the resulting compound. (Poyg. Annalcn, Bd. 47, 
t. 133 — 153.) By interesting comparisons of the specific 
weights of metals, combined with various proportions of oxygen 
atid sulphur, with the equivalent weights, Ammcrmiillcr waa li;d 
to the discovery of a principle which, according to Poggendorf, 
may Iw thus expressed ; the specific weights of the com[H>und6 of 
« nulical with an electronegative body are to one another, either 
(liiectiv as the equivalent weights (the atomic weight) of the 
cotnpotmds, or as multiples or sub-multiples of them. We may 
rcadiljr see that tliis proposition is identical with the following: 
lite equivalent volumes of the compounds of a radical with an 
electronegative body are either equal to, or are multiples or auh- 
Diiilliples of, one another. For instance, the sjiceific weight of 
the dinoxide of copper is 5749, and the apecific weight of the 
oxide is G'4 ; but 5'749 ia to 6'4 oa the equivalent weight of the 
dinoxide of copper ia to twice the equivalent weight of the 
oxido of copper : — 

Spec weighu. Eqniv. weights, 

Cua 0: Cu = 5-749 : 6*4 = 892 : 496 X 2 

Tht- equivalent volumes of the dinoxide and the oxide of copper 

a«, by calculation, reside lively ^f^ and ^?j, or 155 and 

"'■j : tlic former is therefore exactly double the latter. The 
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equiTalcnt weights being in generaJ dctenoined with thegrcaK 
socuracy, we may cnlculati' the ii|>ccifia weight of one cont^ 
pound, on this principle, from that of another determined with_ 
sufficient accuraey. The foUowing table givea tiie observe 
specific weights of different compounds, and the relation of ll 
equivalent weights corresponding to them. 



SnO 


: SnO, 


^ 


Spcp. weights. 





Eniiiv. 
836 -3 : 


weiebtB. 
: 9:t6-3 




PbO 


: PliO, 


= 


SOI : 


s-is 


iff 


131>4-5 : 


1494-6 




Cu,0 


; CuO 


= 


S743 : 


C-4 


= 


892 : 


496 X 


S 


ne,o 


: HgO 


B 


lir«!» : 


11-29 


= 


itm : 


1360 X 


3 


SnS 


: SnS, 


cs 


6-2137 : 


4-416 


= 


936-3 : 


1136-3 X 


{ 


MnO 
MnO 


: HtnO. 


= 


4726 : 
4-726 : 


3-760 
4-328 


= 


4417 : 
444-7 : 


6447 X 
089'4 X 


1 
1 

1 


Mn,0, 

AaS, 

Ilg,Cl 


: MiiO, 
: AsS,' 
: IlgUl 


= 


J -32a : 

3'Q44 : 

7'H : 


3-7B0 
6-469 
6-42 


= 


nH9-4 ; 

1337-6 : 
2943-2 : 


644-7 X 
1537-5 X 
1KI3'2 X 


1 

I 

1 



We must assume tluit there are very considerable errors in 
the determination of the specific weights, if we arc to consider 
that this table eervea for the confirmation of the above rule. If 
from the given relations of the equivalent weights we calculatt 
the specific weight of one or the other compound, it is only ii 
extremely few cases, as fur instance in the dinoxide and oxide 
copper, that wc obtain a number in any degree approximating 
the obsen-ed specific weight. The specific weights of the oxide^ 
and pcruxiile of lead ought, for instance, to be exactly in the 
relation of the equivalent weights of their compounds; aad,! 
therefore, as 1394-5 to 1494'5. Since the specific weight ofl 
the oxide can i>robably be determined with greater accuracy, 
than that of the peroxide, we had better select the latter forij 
calculation. We have then — 

1394-5 : 1494-5 = 8-l)I : J-, which therefore =S-58. 

In accordance with the rule in question, we calculate the 
epecific weight of peroxide of lead at 8*58, while by direct exjw- 
riment wc find it to be 9'19. The specific weights of As S™ 
and As Sg should be to one another as the equivalent weight 
of As Sj to ^ of the equivalent weight of As S^ : that is to say, 
as 1337-5: 1537-5 X*, or as 1337-5 : 123U. If again we calcu- 
late the specific weight of As S3 from that of As Sj, we have 
1337 -5 : 1230=3-344 : j^, or j = 3-25, while from direct observa- 
tion we find that its specific weight is 3-459. 
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Sclmxier has laid down the following law regarding the 
relatioD of the equivalent volume of a compound to that of ita 
cunstituente : the equivalent volume of every compound is the 
euni of the equivalent volumes of the eonstituenta of the com- 
pound (elementary law) ; the equivalent volume of a constituent 
ID a compound may differ from that which it possesses in an 
kolated condition, but in that case it always stands to the latter 
in a einiple relation ; that is to say, according to Schroder, in 
the relations of the numbere 1:2:3:4:5:6 (the law of conden- 
sation^ According to this law, the positive or negative con- 
densation (condensation or expansion) occurring in a chemical 
Doioa was referred to the constituents ; their equivalent volume 
is changed in simple proportions, aud these, positively or nega- 
tively, c/>ndenijed constituents unite to form the equivalent 
Tolume of the compound, (seep. 8). In the case of sulphur, for 
instance, Schroder assumed that it enters into combination with 
i. ft 3. ^"^ 1 '''•' original equivalent volume. {Pogg. Annalert, 
Bd, 50, t. 553 — 604). We have already seen that the equiva- 
lent volume of disalphide of copper is expressed by the number 
166, and that the eum of the equivalent volume of the consti- 
tuents \a 188 (88 + 100). According to Schroder's assumption, 
on the union of the copper and the sulphur the equivalent 
Tolume of the copper remains unchanged, namely, 88 ; while 
the efjuivalent volume of the sulphur, 100, is reduced to |^, that 
is to Mjr, to 80. 88 cubic centimeters of copper and 100 c c. 
of sulphur condensed to 80 c. c. combine, therefore, to form 168 
C c of iliduiphldc of copper. The equivalent volume of hbul- 
pbid« of iron, Fe Sj, commonly known as iron pyrites, is, u 
we have shewn by calculation. 147. The sum of the equivalent 
volumes of its constituents amounts to 245 (45 + 100 + 100). 
Schroder consequently aaaumed that the unchanged equivalent 
volume of iron combines with the equivalent volume of sulphur, 
condeoEicd to one-half its bulk to form iron pyrites, (45+50+50 
= 145). 

S<)nie time previously to Schroder's announcement of the 
law of the relation of the equivalents of compounds to the 
equivalent volume of their constituents, he made the iscovery 
that if from the equivalent volume of compounds which contain 
A oomiDon constituent, wc subtract the equivalent volume of the 
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other conBtitucnt ao equal remauidor is, in many cases, left for 
the aforcBaid cummon constituent. The importance of thia^j 
discovery is at once obvioua ; it indicates the mode by winch w^H 
can find the equivalent volume of" bodies in which it cannot be ^ 
directly deternimed, since they are not to be obtained in the 
solid state : as, for instance, the equivalent volume of oxygen in 
the solid condition. 

The following tabic exhibits this in the case of oxides: i; 
contains m column A the equivalent, in column B the specifiO' 
weight of the oxide, in column C the equivalent volume calcu-; 
lated from the above data, in column r the equivalent vuluma; 
of the nictnl, and, finally, in colimin E the differcuce between the 
equivalent volume of the oxide and that of the metal (c — d). 

TABLE I. 





A 


B 


C 


D 


E 






Eqill- 
volrliU 


spec 


Eqiiic. 


Eijul r- W'l- 


DirTtrsnoB. 






gl*"-. 


,a\. 


nt MfUI. 


C-D 




CuO 


4ne 


Hi 


77-B 


44 


33-6 




ZnO 


60G 


6-43 


oa-e 


S9 


3»G 




CdO 


7M-7 


G'96 


lN-8 


ni 


33-8 




rbo 


I3Q4-G 


0-6 


UGK 


114 


32-B 




HgO 


1360 


ll-O 


123 


U2 


31-n 




Fe,0, 


loou 


S-22 


IS 1-5 


90 


I0I-5 3 


3X33-8 


Co,0, 


1037 


60 


IB64 


Oft 


a74 = 


:iX33'6 


BbO, 


lill3 


65 G 


314 


aio 


1010 = 


3x34-6 


TiO, 


Goi-a 


<l'l(! 


120 


u> 


640 = 


2X32 



We thus find that for the equivalent volume of oxygen we 
obtain the same number, one nearly approacluug to 32, if fron 
the equivalent volume of these oxides we subtract that of the! 
metal, and we may consequently well believe that the numbcrl 
32 actually expresaes the original eqidvnlent volume of oxygen 
in the solid form. All oxides do not, however, give the same ( 
result, as we may see from the following table. 









TABLE 


11. 








SnO, 


A 
0363 


B 

Spue 
giav, 
0-96 


C 

Eq»i». 

r"l. 
134-5 


D 

E'tiiiv- Tot- 

v( Mdul. 

101 


E 

DiAermco. 
C-D. 
33-6 = 


2 s. lf!-7 


Cr,0, 
AgO 
Cu,0 


967-0 
1460 

sua 


S-21 
7-25 
6-76 


1837 

200 

tss 


128 
130 

88 


ss-7 

70 

as 




3- 111-3 


MoO, 


lltIG 


3-4 


2114 


00 


1!)(> 


= 


3X66 


WoO, 


14Sa 


G'13 


24:1 


r>u 


174 


= 


3X50 



^^ 



AVO TBEne ATOMIC WEIOffTS. 



19 



Id Uig two firet-mentioDed ozide« the oxygeo is conUuned 
with ftn cqniraleiit volume of aboat 16, (and tbcroforc ^ X 32;) in 
the four last cs$cs with an equivalent Tolome of 64, or 3 x 32. 

If, in accordance wiih ifae»e tables, we ezpreea the equiva- 
lent voluiDe of oxygen by the namber 32, it aSbrda a canfinna- 
tioD of the aboTe^-lncDtioDed law of Schri5der. In the formatioa 
of the oxides of copper, tin, and iron, in titanic acid, &c., the 
equivalents of the metal and the oxygen rcmnin unchanged, the 
equivalent volmne of the compound being the sum of the 
original equivalent volumes of the constitucnta. In the chemical 
unioo of tin with oxygen, fonning oxide of tin, and in that of 
chromium with oxygen, forming oxide of chromium, a condenaa- 
tioD of the equivalent volume of oxygen to one-half has taken 
fiMce ; while in the chemical union of silver and oxygen, forming 
oxide of silver, and in that of copper and oxygen, forming 
diooxidc of copper, the equivalent volume of the oxygen be- 
oomes enlarged to double its bulk. 

The equivalent volume of potash has already been calculated 
aa 222; the original equivalent volume of potassium is 683. 
If from the equivalent volume of potash we subtract that of 
oxygen, (namely, .32,) there remaina 190 as the equivalent 
volume of the potassium in the potash; this number is preltj- 
nearly =nl of 583, which expresses the original equivalent 
volume of poto^ium, for 3 x 190:=570. Hence, in the forma- 
tion of potnah, a condensation of the equivalent volume of the 
pota«eium to ^rd of its original volume has taken place. The 
equivalent volume of water is II2*5 ( [-Voo )' 'f we subtract 
from this, 32, a^ the equivalent volume of oxygen, there remains 
(ho number 80"5 to represent the equivalent volume of hydrogen, 
if ire a^umme that in the formation of water tlie hydrogen and 
oxygon unite in their original eqiiiviUent volumes. 

It ifl easy to see that in accordance with Schroder's law the 
c<|uivalent voliunes of compounds may frequently be explained 
by tlie assumption of different degrees of condensation; this 
oondentation occurring in either one or both constitucnls. The 
equivalent volume of titanic acid. Tl O.j, has been already found 
to Iw 120; on the supposition that the titanium and oxygen are 
contained in their original equivalent volume, the equivalent 
vnlunnc is by enlculnlion .57+32+32=121, which coincides 
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very well with observatJoQ. Scliroder has, however, assumed 
that in titanic acid the equivalent volume of titanium ie ex-^ 
panded to one and a half time its original bulk, while that ol^| 
oxygen is condensed to one-half. We then obtain ^ x 57 + ^ X 64, 
or 117'5, 06 the equivalent volume of titanic acid; and giinilarlyj 
iu many other caaes. 

Jlorc recently Schroder has modified his views; instead 
considering that the coiidenf^tion afteets the individual cunstiti 
ents, he now believes that the condensation occurs in tlie coc 
poimd that is formed. (See p. 9.) "WHien solid elements 
combine, the condensations which occur stand in the relation oI^b 
whole numbera to the volume of the elements;" thus Schrddeil| 
states the law whicli he regards as holding good *. We must 
not forget that, according to Schroder, the original equivalent 
volumes of tlie elL-mcnts arc multiples of 4, if the elements occur 
in corresponding conditions, (page 7). The conden«itioiis 
(whether positive or negative.) which occur in the union of thoj 
elements are expressed, according to Schroder, by the number 
16 or 8, and by multiples of these numbers, and consequentlj 
of the number -4. According to Schroiler'a table given 
page 7, 

The cqiiirBleDt volume of iron ia .... 



chlorine 



44 

08 

IM 

340 



And therefore — 

The voliuno of 2 eqs. of mercnry 

„ t ei|. of chlorine „,. 

The equivalenl volume of the constiluenta of Hg, CI 
The coadcnEatioD .... .... 

The equivalent volnme of tig, CI (calomel) 
Further — 

The eqnivBlent vololne of mercury ii 

„ anlphur 

The equivalenl volume of llgS (cinaatMr) .... 
The condcDSBlian 

The equivalent volume of cinnalNkr 



178 
840 

416 


.... 4IS 

.... 88 
.... 100 

.... 1B8 
8 

.... ISO 



* Die Moterul>rTi>liUDg iler chemuchen Verbmdungcn Ton B. Sehnider. Mum* 
beim. 1843. 
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Furtter — 

Tbe equivalent volnme of the elemenU of iron pfrite*,! 

Pe Sj, (44 T a«l) f 

Tbfr condensfttion ... ..,. ,.., .,„ .,., 

Tbe equivalent valume of iron pyrite* 



IT 



341 

00 



I4H 



In the memoir to which we have already alluded, Schroder 
hat eetabli^hed, in accordance with this law, the ctiuivulcnt 
volumes of various compounds — of oxides, sulphides, sulphates, 
OuboD&tes, &e., — and thence calculated theii- specific weights in 
order ta show bow far his theory is confirmed by experiuieat. 
For an clement or constituent of compounds, of which the 
equivalent volume cannot be determined in its original state, 
fntui its not being obtainable in either a solid or isolable condi- 
tion, he has calculated the equivalent volume according to this 
law from it^ com[M)unds, in a manner which we shall proceed to 
investigate more closely. 

tWirh this view I insert an extract from the table that 
iciiriidcr lia» calculated fur the Oxides. I have not deemed it 
ooeevary to make any alteration in hia equivalent weights, 
[though aomo of them have been modified by more recent 
eterminationa; since, for our present object, Uiey may aa well 
remain as they are. 



^ 



Oxides. " The empirical mean for the volume of oxygen 

deduced from 37 oxides is 64; I obtain it by increasing the 

observed volnme of the oxide by the condensation that occurs, 

by eublracting from this value the volume of tlie metal, di- 

vitliiig the remainder by the number of atoms of oxygen, and 

king the mean of all the values thus empirically determined. 

I'ith the volmae 64 ( = 8x8) for the atom of oxygen, I have, 

the following table, explained the volume of the oxides." 



\ 
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— n CI c* 

-^ M — — CI -^ ^ 
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3 S 
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In the first place, tlie dcaoription of this table demands at- 
teotioii. " Tlie empiricAl mean for the volume of oxygen, 64, 
was obtained by increasing the obeervcd volume of the oxide by 
the condensation that oociira, by subtracting from tliis value 
the volume of the metal, &c." We naturally inquire by what 
nemn the condensations can be known, ant) how we ore to Icorn 
what condensation must be applied in individual cases. We 
can, unfurtuniitely, only reply that there ia no certain con- 
trolling point for ofcertiuning the eondenBalion. The coudcnsa- 
6on3 that occur arc, according to Schroder, such as must be 
assumed in order that his own law of condensation may be beat 
elucidated, and tliat the volume of oxygen assumed by him to 
be 64, may be explained in the clearest jHissible manner! At 
least, no other answer than this suggests itself to us. As we 
have already eeen, very sttuple considerations render it so ex- 
tremely probable that the equivalent volume of oxygen is 32, 
that we can hardly help looking upon Schroder's alteration of 
this number to 64 as unwarrantably arbitrary. Schroder was 
jmt ae much in a position to draw up a table to represent the 
law of condensation if he had allowed the equivalent volume of 
oxygen to remain at 32. The condensation 32 for the oxides 
rqireecnted by the formula RO, the condensation 64 for KO,, 
and 9G for R, O, and RO3, would then naturally be omitted; 
that is to say, in all these oxides the equivalent volume would 
he cJEiictly equal to the sum of the equivalent volumes of their 
constituents. ^S'hen Schroder is not in a position to satisfy 
tlio Uw of condensation with the lud of the ori^nal (that is 
to eay, the obserxed,) erjuivalcnt volume of a metal, he seems 
to contuder himself entitled to alter the original equivalent 
rolume into what he terms a theoretical equivalent volume. 
Th« oxide of chromium affords a proof of this statement. The 
oxklo of clu-omium is Cr, O3, its (old) equivalent weight ia 
1004, and its specific weight 5*21: hence the equivalent 
volume amounts, on calculation, to 193 ( \?3^ )- The (old) 
Ciquiralcnt weight of chromium is .'552, and tlie speciBc weight 
6-10; the equivalent volume is, consequently, Gd. D", now, we 
MnimOi with Schroder, that the equivalent volume of oxygen la 
H, tlicn the sum of the equivalent volumes of the constitueula 
•4 oxide of chromium is 330=69 + 69 -i- 64 + 64 + 64. Accord- 

C2 



so 
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ing to Sclirikler, ihe condensatiun amounts tu 144 (9 x 16). au3\ 
if we subtract this number from 330, iherc reiumns 1S6, as the; 
theoretical equivalent volume of oxide of chromium, 
numbtr differs, liowever, too far from 192, (the nimilier found 
in the direct manner,) and in order to obtain one more Gtting to 
his viewB, he raises the equivalent volume of chromium. In wl 
wcmust n-gard an arbitrary manner, from 69 to 72! The calcu-j 
luted equivalent volume is, then, 336 — 144, or 192. In tliid man- 
ner Schroder has obtained the theoretical equivalent volumes 
the elements given in page 7, which, as wc havii already statedJ 
are also multiplea of 4. He regards tlie equivalent volume ol 
chromium in the isolated state as 69, while in combination it ii^ 
72; he plncca the original equivalent volume of bismuth at 272, 
while in combination he regards it as 256! Kopp, in 
critique on Schroder's work, has shown that we might just 
properly consider the equivalent volumes of the elements to 
multiples of 3 as multiples of 4. Although it may be deeme 
almost superfluous, we proceed to make an extract from 
der's tables, calculated for sulphides and carbonates. 



SoLPHiDES (Sdlpucbets.) "If from the observed volume 
of any sulphide I subtract the vohmie of the metal diminbhed 
by the condensation that occurs, and divide the remainder by 
the number of atoms of sulphur contained in the combination, if 
I sum up the whole of the values thus obtained and divide by 
the number of observations, I obtain the whole number, 100, as 
the mean of the volume of an atom of sulphur. This value i 
especially deduced ft-om 28 different bodies, and with it I hav 
exhibited tho volume of the metallic sulphides in the following 
table. It 13 to be observed that this value is an exact multiple 
of4." 
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As in the case of oxygen bo also for sulpbur, we find 
Schroder calculating the equivalent volume from the eulphidei 
(aa in the other case he hail done from the oxides), in accordance 
with the condeneation tliat occurs, or, in otiier words, with 
the condensation that best euita his views, and it mu*t he 
regarded aa a complete chance that the equivalent volume (100) 
thua calculated is equal to the original equivalent volume. 
With an equal amount of probability we might deduce the 
number 108 from the sulphides aa the equivalent volume of 
sulphur; all tliat would be required being merely an altered 
condensation. For sulphide of cadmium, Cd S, we should have 
80 + 108, or 188, as the equivalent volume, and the conden»itioD^ 
would therefore be 0; for sulphide of copper, Cu S, we should" 
have 44+108, or 152, and therefore the condenaation 8; for 
euljihide of zinc (blende), and sulpliide of mercury (cinnabar),j 
the condensation would be IG. For disulphido of copper it 
88 + 108, or 196; or if we assume the condensation to be 32, we 
obtain 164 aa the equivalent voliune, wluch coincides far better] 
with the number actually observed than tlie number 172j 
calculated by Schroder. He has likewise made eliangea in| 
the original equivalent volume which we can only regard 
arbitrary, in order to obtain multiples of 4. Thus the original^ 
equivalent volume of mercury ia altered from 92 to 88, and 
that of silver from 130 to 128. fl 

Cabboxates. " 'When from the observed volume of any 
carbonate I subtract the volume of the uxcUd and augment H 
the remainder by the condenaation tlmt occurs (which is always™ 
a multiple of 16,) I obtain aa a mean the number 172, Thia , 
is again an exact multiple of 4. I Iiavc consequently assumed fl 
172 as the volume with which, in case there is no condensation, ^ 
one atom of carbon and three of oxygen combine in the car- 
bonates. The volume of carbon is 36, and that of three atoms 
of oxygen is 3x64, or 192; hence the original volume of CO^ 
is 228 ; the smallest condensation of C 0-, in the carbonates is 
therefore 228-172, or 56, which =7x8. If we start from 
the original volume of carbon and oxygen, then all the con- 
densations occurring in tlie carbonates arc multiples of 8. not 
of 16, but they progress from 16 lo 16." 
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For the sake of convenience I will present thie tabic aa 
Kopp givea it in hia remarks on the volume theory. 



TABLE V. 





Snm of thfl Voliimflt <A 


CdihIbii- 


Tlii^rtftiral 


Olinerrrd 






■Bliob, 


VdIuidc. 


Vulurije, 


CkCO, 


5<t 4- 173 = aae 





S28 


231 


(CUo spv.) 










0» c o, 


66 + 172 = aaa 


10 


SIS 


200 


(Arntgoiiile.) 










AfCO, 

MCO, 


12fl + 1J3 = 300 


16 


2S4 


384 


so -f 173 = 253 


III 


2311 


■rJB 


Ft. CO, 


U + 172 = 216 


33 


184 


106 


Da CO, 


144 + 17a = SIG 


33 


304 


2114 


KCO, 


340 + 173 = -113 


33 


300 


3H3 


ZnCO, 


S6 + 173 = 228 


4S 


IHO 


170 



% 



And here wc cannot refrmn from observing that ibe assump- 
ion that I "2 expresses the equivalent volume of C Og is alto- 
gether arbitrary, and that we may with cr|ual propriety 
mtbeljtutc another number in its place; for equally correct 
remits arc then obtained, if vre only assume that a diflerent 
d^ree of condensation ensues. If fur instance, in place of 172 
e sul>8titute 188, or 172 + 16, as the equivalent volume of 
O3, the table assumes the following appearance. 

TABLE VL 



PormiilL 


Sum of lli^ ViifdioeA of 


Cunilim- 


TlipnredcnJ 


OWtnil 


ttifl Cc^mpacifiiTi. 


■atiuD. 


VoLtime, 


VotLiai*<, 


c»cq, 


60 + 1S8 e S44 


IS 


33S 


231 










Ck C 0, 


66 -t- 188 = 344 


32 


313 


309 


^- fAmroiiilfl.l 










^^B A i> 1' : ( 1 . 


laa + iRB = 318 


33 


S84 


384 


^^b'rf (Tf 1 


80 -t- UW = 368 


32 


236 


839 


^^nrA f 


44 + 180 = 3;(3 


48 


184 


186 


^Vikm 


144 + lea = 3'J2 


48 


38-1 


3>t4 


\ KCO, 

1 ZnCO 


340 -t- ISO = 43U 


4S 


31)8 


3JI3 


66 + ln8 = 344 


64 


180 


170 



Nor should we be Icse correct in aasuming 172 — 16, or 156, 
the equivalent volume of C Og; the table becoming then 
BtiHlifii-iI iu ihe following manner. 
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TABLE VIL 



FunBula. 


Sum ciriliv ^ t^liiajtM ot 


Coadm- 


Thwnoral 


Obmri 


tliD CompoaiTUU)- 


Mttiaii. 


VoluDir, 


VolKH. 


c>co, 


66 + 156 ='813 


-18 


838 


SSI 


(Calc spw.) 










CaCO, 


66 + 166 - Sia 





313 


aos 


(Ameonite.) 










AgCO, _ 


138 -1- 16S = 3S4 





364 


884 ,H 


CdCO, 


80 + 196 = 230 





336 


aatf 


PeCO, 


44 + 150 = 200 


16 


IM 


IBS* 


BaCO, 


144 + 150 = 300 


16 


384 


S84 


KCO, 

ZnCO, 


340 + 156 = 396 


16 


380 


38S 


66 + 166 = 813 


38 


180 


IT" 



It might be niaintmncd tbnt there is greater probability 
Id the correctness of the number Io6 for the cqiiivulent volume 
of CO3 than in Schroder's assumed number 172. 

It is obvious, then, that Schroder's law of condensation 
is not founded on any safe basis; in leaving the subject I will 
make one further remark called forth by the last tabic. Car^ 
lionate of lime as calc spar, and carbonate of lime as arragonite, 
have a different equivalent volume in consequence of their 
having a different specific weight; thus, in general, ilimtrrphoia 
bodies are distingitished from tnie another by a different f^utcaletU 
volume. 

Carbon as diamond has a specific weight of 3*5, and there- 
fore an equivalent volume of ;f7^i or 21; as graphite it has a 
Hijecifie weight of about 2, and therefore an equivalent volume 
of g-, or 37. AeCB»dIng to Schroder a condensation amounting 
tu 16 would have to he assumed in the diamond. Kojt[) is 
of opinion that the earlier view of Schroder is the correct one, 
namely, that the coudensation oceutring in chemical union ib 
not to be referred to the compound but to the constituenta, 
but he considers that this degree of condensation does not 
liillow any simple relations. In an admirable memoir in the 
Journal /. prakt. CUemie, (1845, Bd. xxxiv., b. 1,) Eopp has 
explained the vie*¥8 which led him to the consideration of lliis 
subject, and I cannot do better than give the folloiving epitome 
of his view, as drawn fi'om that essay. 
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In the first place, Schroder'a discovery that iin equal 
residue is left on eubiracling the equivalent volume of a 
common conetituent from the equivalent volumes of aoalogouB 
com[>ouiids, gave, as it were, a starting- point for rational con- 
siderations respecting the formation of the equivalent volumea 
of compounds; to considerations indeed which, according to 
Kopp, arc probably still far from correctly exhibiting the 
natural laws which govern the combining relatione of bodies 
in regard to hulk, but which, however, give extremely simple 
expressions for the equivalent volume and for the weight of 
many compounds. 

For an individual and isolated compound no view can he 
shown lo be even probably true of the equivalent volumes of the 
constituents contained in it, since from a single observation 
ooncerning the equivalent volume of the compound nothing can 
be concluded respecting several unknown magnitudes, (namely, 
iho volumes which two or more conatitiients have when in com- 
bination). But for analogous compounds, views, posseasing 
more or less i>robability, may be advanced regarding the 
equivalent volumes which we have to assign to the individual 
Gonetituents. 

If we revert to our former supposition that the equivalent 
ire)ght« indicate so many grammes, then I eq. of lead (Pb) 
bdghs 1294 grammes, and the space which it occupies amounts 
^bJJ4 c. c, (or the equivalent volume of Pb is 114). Kwe 
P^Bsform this qimntity of lead into nitrate of lead we unite 
Hke elements of N O^ to the lead. The lead increases in weight 
^k375 grammes, and in volume by 356 c. c., since the volume 
PFuK nitrate of lead that is formed is 476 c. c. ; the e([uivalent 
■l 2069, and the specific weight 44, and -■ ^.\ - is equal to 476. 
Kn equivalent of silver weighs 1352 gi-animcs, and its volume 
■ l3Dc. c On converting it into a nitrate the elements of 
nOg, amounting in weight to 775, unite with it, and its volume 
■wrcosee to 356 c. c; the volume of nitrate of silver b 486, 
K- 1304-350. 

W These phcDomcQa are very simply embraced in the asBumji- 
tioD that tiic ufiuivalent volume of lead or of silver remains 
uncbange<l in the nitrate just as it exists in those metals in 
(lie uooonibincd state; tlie equivalent volume of the elements 
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N Og, which convert a metal into a nitrate, being taken 
it, which in the nitrates is 356. 

From Huch coneiderations Kopp* has sought to determine 
for various other groups of elements whose addition converts 
a metal into a salt, the equivalent volumes which mugt bo 
assigned to them In such compounds. An eqiuvaleut of lead 
(1294 grammes) occupies 114 c. c; in the process of conversion 
into oxide of lead, in which 10(1 grammes of oxygen are taken 
up, the volume becomes enlarged by 32 c. c An exactly equal 
augmentation of volume takes place if we oxidize an equivalent 
of copper (396 grammes, or 4 cc), or of mercury (1250 
grammes, or 92 cc), or of zinc (406 grammes, or 58 c, c.), 
100 grammes of oxygen being in every case taken up. An 
equivalent of titanium (302 grammes) occupies 56 c. c ; if it 
is converted into titanic acid, in wliich cose it takes up 200 
grammes of oxygen, its volume becomes enlarged by 64, that 
is to eay, by 2 x 32 c. c. Two equivalent volumes of iron 
(700 grammes) occupy 90 e-c.; if we convert them into per- 
oxide of iron, in wliieh case they take up 300 grammes of 
oxygen, tlieir volume becomes increased by about 3 x 32 c c 

All the facta are therefore simply explained on the assiunp- 
tion that the equivalent volume of the metals in question is 
the some in these oxides as that which the metals have in an 
isolated state; the volume of one eq. of oxygen, moreover, 
being 32, (100 grammes of oxygen in these oxides filling the 
space of 32 o. c.) 

In this manner Kopp has sought to determine the equi- 
valent volume of oxygen and similar bodies in their com- 
binations. If, as we have already presumed, the equivalent 
volume of the metids remain imchanged in these combinations, 
this assumption leads to satisfactory results for the equivalent 
volumes of other constituents also, in the compounds of anti- 
mony, lead, cadmium, chromium, iron, cobalt, copper, manga- 
nese, molylhlenuni, nickel, mercury, silver, titanium, bismuth, 
tungsten, tin, and zinc; in short, in the compounds of the dense 
metals. These all, with the exception of arsenic, appear to be 
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* Kopp, iiber daa Bpecifische Gewicbt der ohemigcUen Vcrbindungeu. 
Fnuikfurt A. M., 1841. 
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cootained ia their compounda nith their original equivalent 
volume. 

But the case ie otherwise with the light metals; those, 
wunely, of the alkalies and earths. These are contained in 
their combinatioDS with an equivalent volume difl'erent from 
that which they poeseee id an isolated state. An equivalent of 
potassium, for instance, (489 grammes) fiUa a space of 583 c, o. 
If we convert this into suliihate of potash we obtain 1089 
gnmmca of that salt, occupying a space of 420 c. C. It is inipue- 
eilile that the potassium contained therein can fill a space of 583 
C. r. We must, therefore, assume that [lotasaium (and similarly 
the other light mctitls, whose equivalent volume we often do 
not know in the isolated state,) has, when in its comtnnatione, 
on equivalent volume different from that ivliich it possesses in 
ihe isolated state. When we calculate what the equlvalect 
Toliunea of such metals are in combination, we arrive at the 
result that each of the light metals possesses the same equivalent 
volume in all ite analogous combinations ; that is to say, in all 
ltd suits. Kopp proceeds in the following manner : — 

Since the equivuleut volume of the nitrates of lead and silver 
is larger I)y 356 than that of lead or silver, we have already con- 
cluded that the equivalent volume of N Og ia 356 in these salts. 
The equivalent volume of nitrate of potash (K with the ele- 
oicnta a Of) is S90. If we assume that N^ O^ is oontaiued 
th«rdn with the equivalent 356, it liillowe that the potassium 
ooot&ined in this salt must be 500 — 356, or 234. 

The equivalent volume of sulphate of lead (Pb vrith the ele- 
iiKDtA of S O4) is greater by 186 than that of lead, whence we 
cooclude that the elements of S O, are contained in sulphate of 
lend with the equivalent volume 186. The same occurs in buI- 
|ihalc of potash, whose equivalent volume is 420, and the equi- 
valent volume of the potassium contained therein must be 
420—186, or 234. This is the same nmnber as that previously 
found, and Kopp consequently assumes that 234 represents the 
equivalent vohunc of potassium in its salts. Dy considerations 
of aeimilar nature, Kopp has obtained the following values for 
the e<)uivaIeDt volumes of the light metala in their salts, and 
nljK) for ammonium :— 
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Ammoniaia 
Buium 

CbIcjiuh .... 
MBgneaJnm 

Sodium 
StrODtiain .... 



BqoJT. raloMkl 
219 
U3 

eo 

40 
234 
130 
lOS 



If we nssume that the equivnJent volume of C O^ (the ele- 
ments by whose union with metals the carbonates are formed,) J 
b 159 ; that the equivalent volume of the heavy metals ie of the V 
magnitude we have given in page 4 ; and that, that of the light 
metals ia correctly given in the above table ; then the equiva- 
lent volumes of carbonates of Pb, Cd, Fe, Mn, Ag, Zn, Ba, Ca, 
K, Mg, Na, and Sr, agree very well with the results of obseF-j 
vation. For Instance, the equivalent volume of lead is 114,' 
that of carbonate of lead (Pb + C O3) is calculated at 1 14 + 151, or ' 
265 ; since the equivalent of the ealt ia 1669, the specific weight 
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or 6'3. The equivalent volume of strontium in its eolta 
ia 108; that of the carbonate of strontium is, therefore, calcu- 
lated at 108 + 151, or 259, and since the equivalent weight of 
the carbonate b 921, the specific weight ia |~ or 3'55. 

With the same assumptions regarding the equivalent volumes I 
of the melala, and presupposing that the equivalent volume of] 
N Ofl (the elements with which the metals form nitrates) is 356, 
we may calculate the equivalent volume and the specific weights 
of the nitrates of Pb, Ag, Am (ammonium), Ba, K, Na, Sr, 
and the result will be found to accord entirely with observation. 

The supposition that in the aul|)hates the elements of S O^ 
have an equivalent volume of 236, explains the equivalent 
volume and the specific weight of the sulphates of Cu, Ag, Zn, 
Ca, Mg, and Xa. But certain other sulphates render another 
supposition requisite ; namely, that the elements of S O^ are 
contained in them with an equivalent volume of 186; thb la 
necessary for the sulphates of Pb, Ba, K, and Sr. 

In discussing other classes of compounds In the same manner 
the volume of an clement proves to be equally variable in its 
compounds. Such an assumption, however, does not appear to 
be opposed to nature, since the fact that dimorphous bodies have 
different equivalent volumes leads directly to it. Ab far as 
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^ttapliM the su]p1iat«s, it appeal's Dot impnsaililc that there is ii 
eniige firooi a modification wbcre S O4 luia the equivalent vohniie 
186, into another modificntion in which SO^ has the cquividLnt 
volume 236. The emission of light which oceurs on the crys- 
tallization in water of sulphate of potash which 1ms been fused 
with eulphate of soda, seems to indicate that the former by its 
fusion with NaSO^ undergoes n niudihcatiou in which SO4 
acquires the equivalent volume 236, and that on its crystalliza- 
tion it passes into a denser state, in wliich the equivalent volume 
of SO, is 186. 

The assumption that the equivalent volume of Cr O^ is 288, 
and that of \Y O^ 244, accurately yields the equivalent volumes 
and specific weights of the chromatca of Pb and K, and of the 
tung^tatea of Pb and Cu. The metallic chlorides are the only 
haloid salts whose equivalent volumes have been ascertained 
with any degree of certainty. Kopp assumes* that CI has the 
equivalent volume 196 in its combinations with Pb, Ag, Ba, 
Na, and the equivalent volume 245 in its combinations with 
Am, Ca, K, Cu^, Ilg, Hgj, Sr, and these views agree well 
wiili the observations made on tlie density of these salts. 

If wc assume the equivalent volume of the dense metals to 
remain the some in their oxides as already stated, (see p. 
4,) but that the equivalent volume of oxygeu becomes 32, we 
elinll find that the equivalent volume, and consequently, also, 
the specific weight of the oxides, PbO, CdO, CuO, HgO, ZnO, 
SnO. TlOa, SbOj. FcjOa, Co^Oj, FeTiOjt, agree closely 
with the results of observations. Thus, for instance, we have ae 
the equivalent volume for Sb O3, 240+3x32=336, and since 
ihc equivalent weight of SbO^^lOIS, the specific weight ia 
"AV *"' ^*^^* '^^'^ equivalent volume of oxygon cannot, how- 
ever, be assumed to be 32 in certain other oxides. If, for in- 
stance, wc oxidize 1 equiv. tin (735 gram.), occupying 101 c. c, 
to form oxide of tin, the 2 cquiv. of oxygen that are added occa- 
noo an augmentation of volume of 32 e. c. ; 1 equiv. oxygen 
(100 gram.) occupying, therefore, a space of 16 c, c. in this 
oxide. We may assume that the equivalent volume of oxygen 

Finally, wc may consider 



16 in SnOj, as it is in Cr^Oj. 



In page 571 ot the work referred lo. 
t TiUiute or Iron t tlmenlte. 
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the equivalent volume uf oxygen to be 64 for the oxides CujT 
AgO, Hg,0, M0O3. {Seep. 14.) 

Such is the nuumer in which Kopp proceeds in considering 
the relations of volume of solid chemical combinations, am 
which he confessea to be nicrely relatively probable, and no 
mlitled to more credit io their further dovclopement, than thai 
^parent correctness of certain iinavoidaljle deductions confer 
upon them. Such, for instance, is the confirmation they give to 
the Radical theory of salts, highly probable 00 other grounds. 

We shall now turn to the equivalent volume of liquid?. 
Observations upon liquids have an especial interest, from show- 
ing more clearly than in solid bodies, how the change of equiva- 
lent volumes by temperature is to be considered. 

Kopp found, in 1841, {Annahn iter Ckemie unit t^arm. 
1842, Bd. iii. a. 99), that analogous fluid comjHiunds exhibit 
like differences in their equivalent volume ; that, for instance, 
tlie equivalent volume of a hydratcd acid is smaller by 534 
tluin that of the corresponding ethyl combination, and smaller 
by 30(1 than the corresponding methyl combination, and conse- 
quently that the equivalent volume of every ethyl combination 
is gi'eater by 234 than the corresponding combination of metJiyl) 
for instance, — 

Eqnkr, Gquiv- rot DilTcnlKsOl 



g 

i 



Spee. Oni. 



nydrat^ acetic aoid 

A + UO 

Acetnlc of Ilic oxide of elhyl 

A -(- EO 

Hfdrated formic acid .... 

F + HO 

Formule of the oxide of ethyl 

F+ EO 



353-3 



7087 



l-0«3 

MoUoml. 

O'ltOat 1S°C. IIOII-7 1243-5 

Lieliig. 

1-2353 at 12° B7n-7 ■<Ci-B 

Licbig. 

0-al2 B300 1019-7 

Liebiv. 



Further, — . 

H;r^I^ BcetLc acid .... 1-0S3 

A + no Molleral. 

Acetate of thcoside of mcthjrl 0-D19 at 22° 

A + McO .... .... BaDiiuand Pcligot. 



Finally, — 
Alcohol .... 
F, O + n O 

Wood.B|)irit 
Mo + H O 



7S3-3 



930(1 



678-3 



0793 at 18' a 
Gay LoBBBC 
0-7QUal20" 401-0 

Dumas aud Puligot. 



7OB-7 



10130 



729-!) 



M3-3 



6310 



632-9 



303-3 



i 220-0 
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- ■w^itftte of the oxide of clliyl 9H at 16° 1 1067 

A + EO LieWg. 

■-^Ikteof theoxideafmelbjl 0019 ul 32° B300 

A + Mc O .... .... Domiu aud Peligot. 

K^draled acetic add .... IOCS 7S3*3 

E + CO, + HO) -H, MoUeml. 

:%filraied fonoic noid ..., 1-2363 at 12° B70'7 

Me + (O, + n O) - H, Liebig. 



£qi]iT. vnL. T>iOtrancft, 
1343-5 



1012.0 



7oa7 



4GG-8 



>23|-S 



344-B 



It is easy to see tliat by this law, if we know the specific 
freight of the hydrated acid, we luay calculate the specific weight 
of the combiDatioiiB of the acid with the uxide of ethyl and 
methyl, and further, that froia the specific weight of an oxide of 
ctliyl compound, we may calculate the specific weiglit of the 
CQrTC«ponding compound of the oxide of methyl. If, for instance, 
to the equivalent volume of a hydrated acid we add the number 
S34, and divide the equivalent weight of the corresponding ethyl 
coupoimd by thia sum, we obtiun the calculated specific weight, 
tJans, the equivalent volume of hydrated acetic acid ia 708-7, and 
adding to this 534, we have 1242-7, with which we must divide 
tlw- cqui\'aleDt weight of the acetate of oxide of ethyl ; ] ^ ° ^ . ^ 
gives 0-8906 as the calculated specific weight, which perfectly 
coincides with 0-89 the number experimentally determined. 
Or: the equivalent volume of the acetate of oxide of ethyl ia 
1243"5, from which, if we subtract 234 there remains 10U9-5; 
with which we must divide the equivalent of the acetate of 
oxide of methyl, 930; the quotient representing the specific weight 
ia 0-y2I, while the number actually observed is 0-919. Kopp 
CTcn regards the differcDce as only approximative, since in their 
e§tiiniition, the influence exercised by the temperature on the 
Bjn-cific weight and on the equivalent volume has not been 
accurately considered. 

At a subsequent period, Kopp examined more accurately tlie 
manner io which the temperature is to be considered in the 
detenu illation of the equivalent volume, and found, as also did 
Sohri>der, that tkf equivalimt volumes ofliijuidn should be compareil 
at those Imiperatures at tchick their vapours possess equal lensiaii. 
Such temperatures are named corresponding tem pern tu res. 
TTie boiling-points of fluids under the same atmospheric pressure 
HRi, for instance, corresponding temperatures in relation to their 
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equivalent Tolumcs, but in relation to tlie elasticity of their 
vapours, tlie corresjiondiog temperatures are not 80 high. 
The fullowiug considerations will render this etatemciit more 
obvioua : — 

The equivalent of ethef is 482'6 ; \ta specific weight 0-734 at \^-S C. 
„ „ wateriBlia-S; „ „ l-OOOat „ 

„ „ alcohol is 576; u ,> 0-7983 at ifS 



Hence we calculate: — 



The volume of 1 cq. of ether at la"-5 = CSS 
„ water „ 

- ,, alcuhat at 17^li 



SS8 1 
U2-Si 



750-8 



If ether and water form alcohol without the occurrence of 
condensation, hoth in the state of vapour and that of a liquid, 
then the equivalent volume of the alcohol must be equal to the 
sum of the equivalent volumes of the ether and water. Tb^^ 
equivalent volume of lilcohol at 17*'8 C. is as we have seoti 
726 ; but the sum uf the equivalent volumes of ether and water 
at 55°-5 is 750. The case would be very different if we con- 
aitlcred the equivalent volumes of these three bodies at 
responding teoiperatures, namely at the boiling-point. 

According to Gay-Lussac when the barometer stands 
[0»76] 29-8 inches,— 



The hoiling-poLot of ether is 


3S''-7C. ... 


90-3° F. 


„ „ wntor 


100^ 


al2"F. 


„ „ alcohol 


JtP'A 


173° F. 



Gny-Lus8ac has also examined tlic chanrre of volume whic 
these substances undergo when exposed to heat: from these ia^ 
vestigations it follows that — 

The specific weight of ether at the boiling-point (.IC^-?] ii 0-6.1739 
„ „ water „ „ (lOfl") ., 0-06064 

„ „ ftlcohol „ „ (IBT-i) ., 0-73869 

If now we calculate the equivalent volume of these bodie 
at the boiling-point, we obtain: 



The^iuiTBleDt volume of etherat the hoiling.point = 
„ „ water „ 

,, „ alcohul „ 



— <«* i _ 






= 6C3-3| 
= ll7i| 



7IW-1 



AND THEIR ATOMIC 



33 



And we know that at the boiling-point the etjuivalont volume 
of alcohol is in point of fact ejractly the eiiiuc s\s the eiini of 
lilt! *;i[uiviileat volumca of its coiistituents, ether and water. 

But this also holds good for other corresponding tempe- 
ratures. Half the teneion for which the volumes arc cal- 
culated, oamel; the tension corres[>ooding to a column of 
ercury of 0" 38, causes ether to assume the state of 
ipour at ao"-?, water at 81°-7, and alcohol at 6I°-4; these, 
therefore, are corresponding temperatures for ether, water, 
ad alcohol; they lie 15°, 18'^'3, and 17° respectively below 
boiling-points of these fluids, and n-c assume generally thai 
l<Mi" are corresponding temperatures which lie equally distant fnim 
bmb'iiff-poinl, if they arc not determined by direct experi- 
aent or by calculation. At a temperature of SO"'?, the 
eijuivalent volume of ether is 647'7; at 8l°-7 tlial of water 
115'7; hence tlie eura is 763*4; but the equivalent volume 
'alcohol at 61^-4 is 764-7, and therefore equal to this sum. 
According to Schroder the equivalent volumes of 6uids 
stand to one anotlier in the relation of whole numbers. Thus, 
ncoording to him: 

Hw equivalent volume of ether At the boQmg-poiDtbebgGG3'3iwlucb = 17x 30-03 

„ „ walor „ „ 1171 = 3x3!l-0» 

^m „ „ olcobol „ „ 7800 bSO X 3903 

^Hie numbers 17, 3, and 20 express the relative relation 
^Hr the equivalent volumes of ether, water, and alcohol, and 
' thus the equivalent volumes of all fluids at the boiling-point 
must be Bimi>le multiples of the number 39*1)3. Kopp has 
examined the value of this theory in the Armalen der Climtle 
md Pharmaci)', 1844, bd. 50, 8, 115, to which I must refer 
my readers. 

Wc have already aeen that the ethyl compounds have 
usually an equivalent volume greater by 234 than the corres- 
ponding methyl compound. Now since ethyl = C^ Hj, and 
methyl = Cj Hj, ethyl is distinguished from methyl by an 
•xoeaa of Cj Hj, and to this association of elements we must 
aacribc liic excess of the equivalent volume (234) occurring in 
|iu compounds. But In the different ethyl and methyl com- 
jikU which consist only of carbon, hydrogen, and oxygen, 
the pquivalenU (atoms) C, O, and II, niuet have consent 

I) 
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equivalent volumes (atom-voluracs), otherwbe the coDstanl 
ditTtirence of composition, C^ H,, would not give ritse to a 
constant equivalent volume. Now in order to be able to 
determine the equivalent volumes of C, H, and O, for aJl 
corresponding temperatures, we must liave tliree fluids con- 
eiating of these elements, for which the equivalent volume 
at any distance from the boiling-point is accurately known. ^ 
Water, ether, and alcohol are fluids of this nature. Kopp V 
has, however, explained why it is that from these three fluida 
we camiot deduce the three unknown magnitudes. {AnnaL d. 
Chem, urut Pliarm., 1844, bd. 50, s. 78.) The consideration 
of these points leads, however, to the very important result 
that H + (water) and 4C + 5H + (ether), taken together 
at corresponding temperatures occupy the same space aa 
4C+6H + 20 (alcohol), although of the two fir«t fluids one 
equivalent in a state of vapour occupies tica volumes; while 
one equivalent of alcohol in a state of vapour occupies fitur 
volmncs. Hence, for C, H, and O, at equally great distances 
from the boQing-point, we ha\e the same equivalent volumes 
In a liquid which is condensed from two volumes of vapour, 
RB io another which is condensed from four volumes. At 
corresponding temperatures C, H, and O have the same equi- 
valent volumes in all fluids, even if when converted into vapour 
they exhibit different degrees of condensation (Op. at. b. 79). 
An assumption led Kopp to a mode by which he might, at 
least approximately) determine the equivalent volumes of 
C, H, and O, when in combination; namely, the hypothesia 
that f/te equivalent volume of a compound does vol undergo any 
cOfusidcrable change, pr(Aab!i/ none at all, if one equivalent of 
oxygen he xubstituted in it for one fquivalait (2 volume-atoms) of 
hydrogen, and the measurement of the equi\'alent volumes of 
tlie compounds be always determined at an equally great 
dietancc from the boiling-point, (or more correctly, at those 
temperatures at wluch there is an equal tension of the 
vapour). 

Alcohol (C^HgOa) i°d acetic hydrate (C^H^O,) differ 
in their formulse by the latter containing 2 eq. of oxygen 
more, and 2 eq. of hydrogen less than the former; in other 
words, 2 eq. of hydrogen of the former are replaced in the 
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Utter by 2 eq. of oxygen. Now C^H^O^ representing 
75n grammes of acetic hydrate, the specific gravity at 16" 
being acconling to MoIIerat 1063, occupies a space of 705 c c, 
St « Icmperatnre whicli is diBtant 104° from the boiling-point of 
»cctic acid, (120° C, Liebig); but C^ Hg O^ representing 575 
gnunmcs of alcohol, occupies a ^ace of 695-4 c c, at a tenipe- 
r»turc which is also 104" from its boiling-point (78°-4 according 
to Gay-Lufisac), tliat is to eay, at — 25°'G, and hence it follows 
that BCvtic hydrate and alcohol at corree]>on<ling temperatures 
have a eimilar equivalent volume, since the equivalent volume 
of 2H is equal to that of 20. 

If we represent the equivalent volume of oxygen by (O), 
and that of hydrogen by (H), then from what we have already 
staled (0)=(H). But from observations it follows that the 
equivalent volume of water (H O) at its boiling-point is 117, 
and hence it follows that (H) =5S-5, and | O) =:58'5, in liquid 
combinations at their boiling-points. 

The equivalent volume of carbon (C) can only be found 
in the following manner. In accordance with obeervations, 
the equivalent voliune of ether (C, H5 O) at its boiling- 
point is 663, wliich is the sum of 4(C)+5(H)4-(0> But 
from what has been already slated, 5(H)+(0)=5x58'5 
-|-68-5=351, and this sublractcd from 663 gives 312 as the 
value of 4(C>. Hence {C)=:78. This is the equivalent 
volume of carbon in liquid combinations at their boiling-points 
Wo arrive at the same number if, from the equivalent volume 
of alcohol at its boihng-point, 780, wo subtract 6(H)+2(0), 
or 468, and divide the remainder by 4. 

For the boiling-point we have, therefore, the following 
uivaJent volnmes, 

(C)=78, (H)=58-5, and (0)=:58-5. 
I is of Bsetstanco in calculations to regard the equivalent 
volumes of carbon, hydrogen, and osygen as products having 
a oominon fiu;tor. The numbers wc have just found may be 
Wy •imply expressed in the following manner. 

(C)=78=8 x9-75; (H) and (0)=58-5=:6 x 9-75. 
Aod hence, at the boiling-point the equivalent volumes of 
carbon, hydrogen, and oxygen stand in the simple relations 
8 : 6 : fi. 

D2 




;&K&B^bi 



^ 



THE VOLUMES OF BODIES 




We must now consider the question, docs ttis relation hoH 
good for corresponding temperatures below the boiling-points, 
and does the same or a dificrcnt relation hold good for idl 
corresponding temperatures under ibe boiling-i>oint? or (ii 
other words) have C, II, and O, in liquid compounds, a sii 
or a diiTcrcnt dilatabililj? Kopp confesses liis Inability 
answer tbia question. 

The assumption that the given relation holds good at 
correspondiog temperatures is supported by no analogy; 
the metals in tbeir isolated state this regularity ie not obserred, 
if, in their case, wc regard those as corresponding temperatures 
which are equally distant from the fusion-point. In order 
that this regularity might occur, it would be requisite that 
every simple metal, with nearly the same fusion-point, should 
exhibit a similar capacity of expansion between 0^ and 100", 
which, however, is not the case. H 

This assumption, however, which Kopp in the most decided 
manner explains as perfectly arbitrary, permits the ex|x;ri- 
mental approximate determination of the equivalent volumes 
of C, H, and O, and leads to a formula by which the density 
of many liquid compounds may be expressed with remarkable 
accuracy. ^M 

We may by tide assumption regard the diminution of the 
equivalent volumes of C, H, and O as a diminution of the 
common factor, 9'73, The amount by which this factor diuiin-fl 
ishcB for a temperature distant by a definite number of degrees, 
D°, from the boiling-point, has been attempted to be deter- 
mined by Kopp, in the following manner. According in^M 
Gay-Liisaao the equivalent volume of ether, wliich boils at 
35°-7, is at -19°-3=:612-9; this temperature is 55° from the 
boiling-point; hence, in this case, d = 55. The equivalent 
volume of ether at the boiling-point calculated from the equi- 
valent volume of C, H, and O: C^HgO: is 4 x78 + 5 x58'5, 
+ 58=663. The equivalent volumes of C, H, and O must 
therefore, at the boiling-(>oint and at — 19°-3, stand to or 
Another as 663 : 612-9, Hence wc have, 



063 : 612'9 : : 78-0 : «; j=:7!-l (C) 
6GS : (il2-3 : : 68-5 : *; r^s+OB (H) 

COS : fil21» ; : .18-5 : x; r=GlM (O) 
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plcnce, at — 19^*3, C has an equirsdent Toluniie of 72-1, while 
rlliat of H and O b 54*08. Theee oomberB m&T, however, 
he expresaod oa 8 x 9*01 and 6 x 9-01 ; and benoe for a depres- 
«ioa of temperature of 55' (d=55). 

The common factor undergoes a dimmutioa &om 975 to 
DOl, or haa become 0-74 smaller; and benoe for oik degree 
the change amounts to ~ f^* , or 0*0134, and the equivalent 
rotume of carbon in a compound, at D^ below ita boiling-point, 
iscxpreesed by the formula, ('C)=8x(9-75 -dxO-0134); and 
the equivalent volumes of hydrogen and oxygen by the fonoula 
[H)and(O) = 6x(9-72-Dx0-0134.) 

From the equivalent volume of alcohol at the boiling-point 
and at 3°-4, we calculate that the number by which D must 
be multiplied to express the change of the constant factor 
b (HJIOJK. 

The boiling-point of alcohol is 78'^'4, and the equivalent 
>Uime, calculated according to the formula C, H^Oj, ie 782, 

4x78 + 6x58-5 + 2x58-5; at 3'''4 (D la conaequently in 
tlius ca.de 75°), the equivalent volume ia 715*5. Frum a mean 
Cif these and other obaertations, Kopp determines this magni- 
Mide at OOl, and hence the equivalent volumes in which 
carbon, hydrogen, and oxygen are contained in a compound 
At d" below the boiling-point, ate expressed by 

K (O = 8 X l»7i - o-oi d) 

1^^ (I^ = 6 X (91S - O-OI o) 

^^^^ (O) = 6 X (D-TA - O-Ol oj 

fti ft compound which boils at 80° the equivalent volume of 

Bwbon at eCfor 20° below the boiling-point) =8x(9-75-20 

fyO-0t)=:8x9'55=76-4; in a compound which boils at 137°, 

the equivalent volume of oxygen at 13°=51'06, D is therefore 

in this ca^e 137''-13°=:124% and hence we have 6x(9-75 

— 124xO'Ol), Hence, generally, the equivalent volume of a 

■quid compound consisting of a equivalent of carbon, b of 

"ydrogcn, and r of oxygen, at a temj«:rature wliJch is D° from 

thf boiling-point of the compound ie 

(8a + 6i + 6c)x(9-75-0-01 d) 

The following illustrations tend to show how far tlufl fbrmula 

)/am results coinciding with ihoec yielded by obBervationa. 
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het tu oJcutoe the eqmnknt Tolmite and the ^edfie gnrity 
of avboeic ether for 19°. CarixMue etho- boOs mt 136°; d b 
Iherefon: in Uta atw =l2e°-19°=107*. As eutwuic ether 
id expreaeed hj the fotmaU Cj H, O,, ita e(itu'n)eot Tohune^ 
St 19^ must be, sceocdiDg to the above fonnuh, H 

(5x8+«x6 + 3x6)x(9-75-(M>lxl07°)=88x8-6e=7M ^ 
and since tbe eqtuvalcct weight is 737'5 the eptd&c gmi^^J 
at 19^=^ ^^ =^0-9-. Ettliug hu foDDd it to be 0-975. ^ 

For bj-drated caiyophj-Uic acid, C^HijO^, whose eqm- 
vslent is therdbre 2030, and wboee boiling-poiat is 243°, the 
above forauda gives the epedfic gravity 1*06 at 8° C^ 
EttJing actually foaQd it to be 1-079. 

IT one of the three elements is altogether aheent in 
compound we moat proceed as if there were equivalents^ 
present. A compound, C, H, which boils at S5°, has at 1^ 
the equivalent volume (2x8+6)x(9-75-0-01 x 70)=:199; 
and since the equivalent is 162*5, the specific gravity at 15" 
' ''^ or 0-82. Kopp has not only endeavoured to 
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mine the equivalent x-olumes of carbon, hydrogen, and oxyge%^ 

but also of chlorine, nitrogen, and sulphur. 

In rclalJon to these various points I must refer to page 98 

of his excellent memoir, and will only add that the following 

values correspond the beat with the results of actual obsei^ 

vation. 

<a) = 28 X (9-76 - 0-01 d) 
(N) = 18 X (9-7S - IMH a) 

(S) = IB X (9-78 - <M11 ») 

Li order to facilitate the calculations, the equivalent volume 
which arc assumed for C, H, O, CI, N, and S, in a liqiud com-J 
pound at a temperature of D° below the boiling-point, bavei 
boon ooUcctcd by Kopp into a tabic which I here transcribe] 
without chauging the old equivalent weights of CI, ^, and S. 
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o 


c 


HandO 


CI 


N 


B 




K^T. 7J. 


Equft. o 13' A. 
Kqui>. - 100. 


BquiT, ^ 113 0. 


Eqoii. .= nn 


Eqiiir - -Jill. 


o 


78-0 


bas 


273 


17G-6 


uri-26 


10 


77-8 


5J-0 


27oa 


1737 


14476 


» 


7C-4 


57'3 


2(]7-i 


171'll 


U3-a6 


30 


75-6 


GO-; 


2(i4-6 


170-1 


141-75 


M 


;*-8 


so- 1 


3(ii-a 


iijua 


1411-25 


M 


7*i> 


S5-6 


2S!»-0 


106 5 


I3H-75 


M 


73-a 


3411 


26C-2 


l(i47 


I37'25 


70 


72-4 


64-3 


2.^1-4 


1(1311 


i:w-76 


ao 


7I-8 


ai-7 


SGO'O 


IEI-1 


134-35 


•0 


70-8 


»3'1 


247 -B 


160-3 


13275 


I4MI 


7"fO 


G3-S 


2450 


1B7-6 


131-35 


no 


Gsa 


6 111 


2422 


155-7 


13975 


ito 


08-* 


SI'S 


2311-4 


153-9 


I2a-8S 


130 


J5B 


.',0J 


23flO 


153-1 


13075 


140 


UlI'S 


60-1 


233'n 


150-3 


135-25 


tM 


wo 


49 a 


33l« 


UK'S 


123-7S 


100 


fi5-2 


4I<'U 


22li-2 


ue-7 


122-26 


170 


u-« 


4fl':i 


225-4 


144-9 


12075 


IM 


63-6 


477 


223-G 


143-1 


1 1936 


ISO 


639 


<7I 


21)1-8 


141-3 


117 75 


100 


620 


4e-5 


217-1) 


1305 


11(125 


SIO 


61*2 


4.'.'U 


214-2 


1377 


114 76 


tm> 


BO-* 


4G'3 


811-4 


13G'9 


113-25 


CM 


S9-0 


44-7 


208-0 


1311 


111-75 


S40 


5S-S 


44-1 


205-a 


132-3 


11025 


tM 


ne-0 


43-6 


203-0 


139-& 


lllB'75 


MD 


67-8 


42-0 


200-2 


1387 


107-25 


»J» 


60-4 


42-3 


197-4 


12G-0 


105-75 


«0 


bae. 


41-7 


194-6 


126-1 


104-35 


wo 


M-8 


41-1 


1918 


123'3 


102-76 


30O 


GJ'O 


4(1-8 


lao-D 


131-5 


101 '26 



The application of tliis table hardly requires cxplaDatioti. 
Let ua euppose, by way of illuatration, that wo employ it to 
dctcnnioc tbo §pccific gmvlty of chlorol«nzide (Mitsoherlich) 
•t T'C. CMorobcnzide is CuHgClg; its equivalent is 22fi5; 
iu bviling-point is 210" C, and hence = 210-7, or 203. If, 
for the mlco of convenience, we make D=200, we calculate 
the equivalent volume aa 12 X G2 + 3 x -ifi-S +3 X 217, or 1534-5, 
ftnd if wc divide the equivalent weight by the equivalent 
volotnu wc obtain for a quotient 1"476 aa the specific gravity. 
Uitachcrlieh found it at the given temperature, 7*^ C, to be 1-45". 
Or, eupiwsc we have to calculate the specific gravity of iijcr- 
CBptan at 21" C. Mcrcaptan, the hydrosulphidc of the sul- 
ptudo of ctliyl, is represented by the formula C, I'aSa, and Ita 
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(;(|iiivnlcut la 777; its boiling-point liae been fixed by Ltcbigi 
.Ifi'^-aC. In this case I. la 3fi°-2-21°, or IS^-S C' IfD=!5 
the equivalent volume of niercaptan is 4 x76'8 + 6x57"6+2 
X 144—941; and if we divide the equivalent weight by this 
number we obtain 0'826 as the calculated specific gravity, 
while Liebig actually found it to be 0'835. 

To this table Kopp appends Beveral interesting remarks. 
He thinks that it may be asiumed with equal probability that 
the equivalent volumes which pertjiin to the elements in 
combination are the same 06 those elements possess in an 
isolated state; for instance, that sulphur in a liquid combina- 
tion at 100° below the boUing-point ia contained in the same 
equivalent volume which it has when isolated, in a liquid 
state) at 100° below its boiling-point. If we have already 
found that the elementa when in combination have a different 
equivalent volume from that which they have iu an isolated 
state, we must to thia condition odd that the equivalent volumes 
of the elements are not determined for corresponding tem- 
peratures. It is very probable, according to Kopp, that for 
(lolid bodies those temperatures are a])proximatJvely corres- 
ponding which are equally distant from the fusion-point. Wc 
say, for instance, that the equivalent volume of potassium in 
combination, as in its sidphatcs, ia different from that which 
we obecrvo for potassium in the isolated state, since the equi- 
valent volume of sulphate of potnsh is smaller than that of 
potaseiuni. We have not at present the means of accurately 
detcrmlniDg this point, since we are only acquainted with tho 
eiiiiivalent ^uluntcs of jwtassium and its compounds at mean 
tein]ienilurc8. In all probability the equivalent volume of 
potassium ia tlic same in combination as in its isolated state, 
for equal distances from tlie fusion-|ioint8. If we eould observe 
the equivalent volmuc of potassium at a degree of temperature 
which is as fiu- distant from the fusion-point of this metal as the 
difference of temperature between tlio fusion-point of sulphate 
of potaah and the temperature at which we observe the equi- 
valent volume of this salt, wc should find that the equivalent 
vi'lumc of poliissium is much smidler than that of the salt, 
while the observations which are instilukd for one and the 
Eimic, for the mean temperature, give the vc- The 
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cquMiJcnt Tolimic which we asuigii to potaseium in its suljihalee, 
and whidi Ls tliflercDt I'rotn that which it hae been observed 
to have in ite free state, will approximate to tliat which the 
potMBnam poesesecs at a degree of temperature as far distant 
from its iHisioD-point aa the temperature of the fuaion-point 
of sulphate of potash is from the temperature at which the 
^iccific gravity of the salt was obsorred. According to Kopp 
ftruiig objections may be brought against this mode of obser- 
ralion, which cannot be removed until the fusion-point and 
tlic expansion of many iuorgamc substances have been accu- 
rately determined. 

If the formula that we have given for the calculation of the 
rqiiivulcnt volumes of C, H, O, CI, N, and S at equal distances 
fruui the boiling-iwint of tlieir compounds were absolutely 
correct in regard to their form, and in reference to all the 
numcricul calculations contained in it, it might then, in addition 
to its principal object, also serve, by the known atomic com- 
ptwtion and a specific gravity observation at a known tem- 
perature, to lead to the determination of the distance of the 
obncrred temperature from the boiling-point, or, in other words, 
of ihe lioiling-point. But sinc-e the formula cannot be regarded 
aa undoubtedly ccrtiun, and the estimation of the numbers 
ooutained in it is not altogether to be depended on, it would 
be a matter of considerable hazard to attempt to determine 
the Iwiliog-potnt by this means. (Kopp.) The reasons of the 
uncertainty of the formula are thus explained by Kopp. The 
form of the formula depends on the assumption: (1) that the 
equivalent volumes which are taken for C, H, O, CI, N, and S 
in liquid combinations, altvays stand in the same relations to 
wDc another at corresponding temperatures. This assumption 
U certainly the simplest, but still it is a perfectly arbitrary 
one; (2) that those should be regarded aa corresponding tem- 
penturcs which are equally distant from the boiling-point. 
This assumption, aa far as actual practice is conccrued, gives 
nmdts which, in most cases, approximate pretty closely with 
truth, but, strictly siwjaldng, it is not correct, and conse- 
ntly lewl^ to false theoretical results, as may be seen by the 
lluwing remarks. 
According to llic formula tlie contraction which ii liquid 
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undcrgooa on ccMjliDg x'^ from tlio boiling-puint, is always pro- 
porlioriiil to the luiiguitude z. Experience, however, inost 
decidedly showB ua that in by far the greater number of liquick 
tliia is not tlie case; for a definite interval of temperntiire the 
contniction !h almost always einaller, the more distonl this is 
from the boiling-point. Moreover, according to the fonuula, 
all liquids, if we ajisume for them equal volumes at the boiling- 
point, at equal distances from the bolliug-point occupy equal 
ToIumc& If we aeeume that the volume of any liquid at its 
boiling-point is 9'75, then at a diatanca of d° from the boiling- 
point it will be 9'75 — O'OlD. Moreover thia conclusion is not 
confirmed by experience, but is much oftener opposed by it, 
if, for tlic numerical determination 9'75 and O-Ol, other magni- 
tudes arc oasumed aa more correct. 

That the numerical ' determinations in the formula are 
uncertain is a fact not concealed by Kopp, in various parts 
of the treatise to which we have ao often referred; he adds, 
in relation to the point, the assumption that the equivalent 
volume of hydrogen is equal to that of oxygen, the basis of all 
our determinations, is far from being so confirmed by direct 
observations oa to be regarded entirely accurate; it is posiublc 
that the relation of the equivalent volumes is nearly, without 
being perfectly, the same, just as in the estimation of tlm 
equivalents of elements simple relations are often tolerably 
approximative, but after the moat accurate determinations are 
not ptisitively correct. 

Tlie practical applicability of the formula appars from a 
large number of results to be well established. The formula 
givea the specific gravity of liquid compounds for any distance 
of temperature from the boiling-point with on accuracy that 
deserves attention. 

Aubergier has ascertnmed empirically that the volatile 
oils isomeric (polymeric) with oil of turpentine have the same 
specific gravity at temperatures equally distant from their 
boiling-points. The fi>nuula leads to the same result, aince it 
requires that all liquid substances of equal empirical atomic 
construction (an equal per-ceutage composition) should have 
the same specific gravity at temperatures equally distant from 
the boihng-point. Hence, at the oplinarv temimrftturei* 
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ivliich ob«crration9 are made, the epcdfic gravity of polymtric 
^utMtaDC«s boiling at high tempcraturca must be greater than 
^Put of those with luirer boiling-points. 

The lormula may also eer\'e for the estimatioo of the 
deoeity of the vapours of a compound. The latter is done 
in order to obtain a check in m^certainiog the relation In which 
the atoms of the elements unite to form a compound, and at 
tin same time n^ a means of knowing how many elementary 
»toai» ore contained ui one atom of the comjKjund. Our 
Ibnniila, in its present state, can only be used as a check. 

In addition to the knowledge of the atomic relations in 
which the elements unite to form a combination, the deter- 
minaUon of the boiling-point is euifiaent to enable us to 
calculate the specific gravity of the liquid, and the observation 
with which this calculation is compared is easily and simply 
nude. But the formula also aflbrds the means of ascertaining 
the fttooiic weight of a liquid compound and of determining 
^fc»w many elementary atoms are embraced in one atom of 
^^c compound, if the magnitudes contained in it arc so accu- 
^Btely determined, that the boiling-point enables us indirectly 
^Hb oBccrl^ the composition, and the density at a given tem- 
pcTAturc Lowig believes that it may be mathematically 
demonstrated, (1) that the values assumed by Kopp as the 
equivalent volumes of carbon, hydrogen, and oxygen, in liquid 
ofgmnic compounds are false, and (2) that the equivalent 
volume of an element is not, as Kopp believes, equally great 
in all combinations. {^Pagg. AnnaL, 1846, Bd. Ixviii., a. 51, &c>) 
Wo have already mentioned that the compound molecule Cg H, 
has in its combinations a constant equivalent volume, which, 
if wc compare the equivalent volumes of tlie ethyl and methyl 
ooiDpoiuds without reference to correspondence of temperature, 
•mnunta to about 234. If we take, as a foundation, the equi- 
at volumes established by Kopp for carbon and hydrogen 
combinations at their boiling-points, namely 78 and o6*5, 
!)G equivalent volume of this compound molecule is 2 x 78 + 
<58-5, or 273. Liiwig now ascertains the equivalent volume 
Cj n, directly for the boiling-point, by establishing a com- 
between the combinations which differ in their com- 
litiou by C, ilg, or by a multiple of it, in reference to their 
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equivalent volume at the boiUng-poiut, and arrives at discrepant 
results. Since the contraction that occura on cooling is not 
accuralely established for other liquids here to be considered, 
as it is for water, alcohol, and ether, he compares, in this point 
of view, the compound ethers, wood spirit, and fousel oil with 
alcohol, but acetone and the simple oxides with ether*, in order 
to calculate the equivalent volumes tor the boiling-point. Tlu; 
following table contains the data for these comparisons: , 

„ „ Below tlic EquiT.VnL^ 

spoe, unx. B^j„g ^^^^ Aminid Vol. 

EQ»r „ C, H, O .-.. 0-e974 0=' 663 

Acelone C, H, O .,, 925 3;°.. 468 

Alcohol C. H, O, .0730 0° 780 

Formiale of oxide of eUiyl , . C, H, O, ... 0-90B6 3*° 1018 

Acetate of oxida of elhyl .... C, H, O, . 0-890 «P 1236 

"Wood-Bpiril C, n, O, .... 07938 40° 803 

FouBcl oil C,„HuO, .... 0-8137 118° tSSl 

Tttlerianateof oxidoofinotlijl,CiiEijO, ..,.0-8806 100° ....... I8W 

If now we proceed to calculate the equivalent volumes of 
these compounds for the boiliug-iKiint in accordance with tha 
contraction of alcohol, we obtain the following values: — 

Equi*. ValoiiH. 

Ether C, Hj O CC3 

Acetone C, H, O -180 

Alcohol C, B, Oj 780 

Fonnble of oJtido of olhyl C, H, O, 1073 

AceUle of oxide of ethyl C, H, O, 1323 

Wood-spirit C, U, Oj 628 

Fousel oil C|aHi,Oj ,...1529 

ValBrianBte of oxide of methyl .,.. CuHuO, .. 1832 

If we subtract the equivalent volume of one of thesej 
compounds from that of another dilTerlng from it by C^H^j 
or some multiple of C^ Hj, the difference naturally indicates 
the equivalent with which Cg IIj, 2C3 Hj, &c.) are contained 
in the latter compound. For instance: 



* According to Gay-Laasiie the followingdiminution occurs in 1000 parte: — 

Waicr. Alcofaal. Eiha. 

From 0° to 15" from the Iioiliog-point domnards lO-ao ., , 17-51 .. 

„ 16° to 30° „ „ 8-36 .... 13-83 .. 

„ 30° to 46° „ „ 7-B6 .... Ifrll .. 

„ 46° to 80' „ „ 6-m .... 16-11 

„ 60° lo 76' ■ « *-W .... 14-18 
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EqaiT. VoL 

Aloohd C^ H, 0,= 7» 

Wood-^rit C,HjO,= 698 C!,H, = 268 

C, Hi = 8ft3 

T«l»iriHMLl«* of oride of mrthyl C„H„0«= I8S3 

AMtete of ozida of ethjl .... C, H, 0, = 1323 (^ H, = i^ = 254 

C4 H^ =609 



Foud (nl 

Aleoliol 


CaHi,0, = 1629 

C^H, O,= 780 C,H,= if»=260 




C, H, = 748 


FoumI Ml 

Wood-sfniit — . 


C,oH„0, = 1629 

C, H, 0, = 628 C, Hj = i^ = 250 



Cj H, = 1001. 



Hence, in tlua manner we obtain for C, H^, the constant 
volume 250, while, according to Kopp, it amounts to 273. As- 
suming that the former number ie the correct one, we obtain 
for H O the following volumes: 

Eqiiii. Vol. 

Alcohol .... 0, H, O, = SC,H, + 3H0 = 780 

- 2C,H, =600 HO = ip = uo 

3H O = 280 

Wood-^irit.... 0, Hj Oi= C,H, + 8H0 = 638 

- C,H, =260 HO=ii-' = 139 

8HO = 278 

Fmtidoa .... 0„H„0, = 6C,H, + 2H0= 1620 

-6C,H, =1260 HO = tp-=IM-B 

aHO = 279 

For the equivalent volume of oxygen we obtain the fol- 
lowing values: 

EqiUI. Vol. 

AoeUteofoxideofetbyl .... C, H, 04=4C,H,+ 0^=1333 

-4C,H, =1000 0=4^=BO'« 

0,= 325 

Fomiiiite of oxide of ethyl.,.. C, H, 0,=SC,H,+0^=l07S 

-3C,H, = 7M 0=4^=80-8 

0^= 323 
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VBlerisnateofozideafiueUiyl CuHuO,=6C,Et,-fO,=IS33 

-60,11, =1500 0= 

0,= SS3 



12J—t 



Kopp'a values, however, are, for water 117, and for oxygen 
58'5. Such coinciJent results for the volumes of CjHj, ] 
and O, aa are given above nre, however, according to Liiwig, 
only obtained when we hiippcn to institute comparisons between 
compounds with similar rational formulfe. If we compare 
combinations of different rational formula;, we obtain different 
values; thus — 



I 



Foosel oH 

Acetate of oxide of ethyl 



KqniT. Vol. 
C,oHuO, = 1G2D 
C, Uu,0/= 1333 



2eq. Ethcp ,.,, 
1 cq. Wood-spirit 



Ether .... 



Acetone 



C, H, = 20« inttead of 2^0 

.... C, H„0, = 1326 

.... Cj H, 0, = OM C,Hj= lfi = 2Gii 

C, H. ^ 798 

C.DtO = 2C,H5 + HO = 683 

- 2t:, Hj =600 

HO = lesinsteikdof 117 

C,H,0 = liC.H, + = MO 

- liC,H, = 375 

O = lOSinstaadofBO-S 



If we Buljtract the equivalent volume of ether (663) from 
tbe equivalent volume of alcohol (780), there remains the 
number 117 (already determined) for HO. If, from the 
formula for alcohol 2CjHj + H0, we subtmct 600, as the 
number for C^ 11^, there remains, as has been already shown, 
280 for 2H O. If the volumes of the equivalents of oxygen 
and hydrogen were equal, they must amount to 2 x 117, or 234, 
But 280 — 117 = 163, and, as we have clearly seen. H O actmdiy 
occurs in ether with the volume 163. Hence, according to 



• Since, aeeording to Kopp, hydrogen and oxygen have an rniiiiii i>()iiimlent 
volnmc, O may be arbitrarily eubslitiilod for D. Tlie forumk for acetic ether, 
C, H,0,, is in this nay converted into C, 11,„0,. 
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Ijowif^ it is completely proved that if we Bepar^ . alcohol 
into 2C2H3-I-2HO1 the oce equivalent of water must occor 
in the oompound with the Tolume 117, and the other with the 
Tolmne 163. 

If we asenme that the eqaivalent volume of H is repre- 
aented by 58*5, and C, H, ia taken as equal to 250, we obtain 
for C the volume 66-5 in place of 78, for 250-117=133, 
and i|^ = 66-5. 

On omnparing with one another the compounds which have 
different rational formuhe we obtain for C and-H the most 
diacrepant values. 



Ether 

Wood-apirit .... 


EqniT. Vol. 

... C, H, = 663 

... C, n^ 0, = 638 C = 4^ = 67-6 




C, = ISS 




Alcohol 
Acetone 


.... C^ H, Oj = 780 
.... C^ n, = 480 






c n. = 300 

- n, = 8S4 


C = CO 




C =08 




4 eqtiiv. Acetone 
' I eqniv. Fousel oil 


.... C„H„0< = 1920 
.... C„H„0,= 1629 






C, 0, = 3&1 

- 0, = 117 


C = iii = 137 



= 274 



4 eqaiT. Ac«t<»e .... C„H„0, = 1930 
-1 eqniv. Acetioetlier.... C, H, O, = 1323 

C, H, = S97in«teadofS00 
— B, =a34C=*-^ = 90 



C, =363 



4 cqniv. Acetone .... C„n„0, = 1930 
-1 eqwT. Formic ether.... C. H. O, = 1073 



C, H, = 847 in«tead of 7M 
-H, =3fllC = i|4=82 

Ct = 4»6 
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Fonsel oil 
-3eq. Aeelone ,,., 



3 cqniv. Elher.... 
-Valerianic etlier 



Eqoii. Vol. 

,. C„H„0, = IM9 
. C, H, O, = 9G0 

C. H, = 669 11 = V = "S 
-Cj H. = «« 

a, = 69 
■ Ci,H„0. = 1989 

H, 0. = 167 



1 



The illustrationa already adduced are sufficient, nccordlng 
to Lowig, to establish the fact tlmt Kopp'a values are not ,, 
correct, and that the volumes of an elementary atom canni 
be equally gieat id all compounds. It is, however, etjuall; 
well proved that this ia based upon regular laws, since otherwise 
we could not always obtain, for a aeriea of cases, the numbers 
250 for C-, Hj, 280 for 2H O, and 80-8 for O. 

The fact, that the specific gravity of the carburettcd hy 
gen generally remains nearly constant, however much the propoi 
tionof the equivalents(atoms)of carbon and hydrogen may difl'e 
and that the specific gravity is always considerably ine^ 
if only n few equivalents of oxygen are combined with 
suggested to Lowig the idea that the specific gravities 
carbon and hydrogen in organic compounds might be equ 
In order to put this idea to the test, he compared the com' 
binalions belonging to one group, as, for instance, alcoho!, 
ether, acetic acid, and acetone; wood spirit and formic acid; 
fousel oil and valerianic acid; oil of bitter almonds and benzol 
acid. Ether and acetone were first compared. 



Equivalent Tolume of etber 

_ acetone 



C, H, O = «63 
C, H, O = 480 

C n, =103 



If now the specific gravity of carbon is the same as iha 
of hydrogen, then must ^ of the volume 183 be carbon, at 
J hydrogen {in C H^ 2 [mrta by weight of 11 occur with 6 par 
by weight ol' C). If we lake the equivalent atom at hydrogei 
(=:12'5) as our unit, then C Hj = 8 units -H 
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parts by weight). The space occupied by the unit of weight 
(12-5) is therefore found on divi'Ung 183 by 8, and =22'87. 

Kthcr conlainB 24 units by weight of carbon tuid 5 of 
hyilrogvn, =29, and acetone conttuns 18 of carbon and 3 of 
hydrogen, =21. 

If we multiply the unit of space (22-87) by 29 and 21 
we obtain the exact equivnlent volumes of ether and acetone: 

29 X 22-87 = 663, and 21 x 22-87=480 
which proves, aeconling to Lowig, that the equivalent volumes 
of ether and acetone are equal to the space which belongs 
lo their ndiaUs, and that a condensation occurs which is 
equal to the equivalent voluuie of oxygen. 1 equivalent 
volume of ether (663) + 1 equivalent voliune of water (117) 
is equal to the equivalent volume of alcohol (=780). Now 
woo()-«pirit ond fousel oil have a similar chemical constitu- 
tion to alcohol. On subtracting 117 for H O from the equiva- 
lent volume of these combinations, wc obtain the equivalent 
volume for oxide of methyl, Cj Hg O, and for oxide of amyl, 
C,oH„0. 



■ 



Tba fquT. ToL of wood-spirii = 538 
_ for II 0= 117 



The equiv. vol. of fouBcI oil = lattO 
„ for U O = 117 



C,H,0 = *ll 



C,oH„0 = HI» 



Id accordance with ether and acetone the space 411 must 
correspond lo the volume of Cj H,, and the space 1412 to the 
Volume of C,oH,i. Now, aVsz = '^ units of space, and 
j^*-l| = 62 U.S. But 0,1X3=15 units of weight, and 
,0 11,1 = 71 u. w.; hence, in methyl 15 u. w. = 18 u. a., and 
ninyl 71 D.w. = 62 u. 8. 
Hence, in methyl there are .3 more units of space than there 
anila of weight. Methyl contains 3 eq., and, according to 
ig, it is, at all events, most simple to o^ume (and indeeil 
:r ueaumption would be impossible ) that in methyl tlie 
lent volume of hydrogen is as large again as in ether anil 
Kcetone. If we suppose that this expansion of the hydrogin 
■bo takes place in fousel oil it follows that the volume of the 
m in fousel oil is one-tliird more condensed than in ethyl 
methyl. Hence wc obtain: 

E 
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c, 


^ 


13 V* 


Ci. 


^ 


40 Ut 


H. 


= 


t> „ 


"u 


= 


23 „ 





^ 


„ 





^ 


„ 



C,H„0 = 



18 



C.„H„. O = 



(a 



Hence the volumes of the atoms of carbon and hydn^cn 
are to one anotber m ethyl aa 6 : 1; in methyl ae 3 : 1, and in 
amy] as 2 : 1 ; and if it is assumed that in methyl the atoms 
of carbon and hydrogen arc in their normal state, and if, for 
the unit of ajjace, we take 22, as a number easily divi^hle, 
then — 

(1.) The alom- volume of hydrogen = 44 
(a.) „ „ arbon = 133 

And the condensations are — 

i for the hydrogen aloin = 99 = I atom-TolniiM* 
i B carboD atoni = 88 ^ 1 alom-volnina 

With 6 and 4 units of space for the equivalent of carbon, and 
2 and 1 for the equivalent of hydrogen, the calculated epe<nfic 
gravity, according to Lowig, exactly accords with the result 
of experiment, if we base it upon Gray-Luasac'a contraction. 
According to him it is so far mathematically established that 
the elements in combinations have different volumes. 

According to Lowig, alcohol and the acetic hydrate ha 
an equal equivalent volume, and eo also have wood spirit 
the formic hydrate, and fousel oil and the valerianic hydrate.^ 
Since, in the formation of acetic acid l>y the oxidation of 
alcohol, when 2 atoms of hydrogen arc abstracted from tb^fl 
ether of the alcohol, the remaining atoms do not change their 
volimie, the condensed atom of oxygen remains unaltered. 
From C^ Hj O (ether) we have C^ H3 O (oxide of acetyl). 
But on oxidizing C^ Hg O to C^ Hj O3, that is to say, to acetic 
acid, tliis additional atom of oxygen corresponds to 1 unit of 
6pace. 

C, 

H. 

O = 






Elher 



24 


u » 


c. 


^ 


U 


va 


5 


n 


Hi 


^ 


3 


H 





w 





= 





II 


30 


It 


Oxide of ocet;I 


= 


27 


ts 



' In tome eontbitiUiorus l\\e Mndensatioa j (= 33,) also ucciirB. (Pa 
ylnn.,bd. Ixiv. s. 202.) 
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Oxide of aceijl = 87 u i 
O, = 2 „ 



Acetic acid 



= 29 



If this oxidation takee place in compounds in which the atom- 
volume of hydrogen =2 u. s, the atom of oxygen which enters 
the compound corresponds to 2 u. 3. 



C, 

H, = 





13 DB 



= 



Oxide ofmeth;! := 



16 



c. 


^ 


13 DB 


u 


^ 


2 .> 





=: 


„ 


0, 


^ 


* >■ 


Formic acid 


^ 


18 „ 



It follows from the laws of gaseous combinations that the 
JUS oxide of ethyl unites without condensation with the 
jic acids, OS with the vapour of water, and coinciding with 
the combination of liquid oxide of ethyl with water; there 
(loubllcBS occurs the same relation in the union of the liquid 
oxide of ethyl with the liquid acids, an assumption which is 
in all respects confirmed by the specific gravity of this com- 
pound. 

The specific gravity of acetate of oxide of ethyl at 64°, 
or 10° below its boiling-point, is 0*840, and consequently its 
equiTftlent volume is ^.g"" , or 13-10. In accordance with 
Gay-Lusaac'a contraction for alcohol at 10° below the boiling- 
ptjiot, tlie unit of space has the volume 22-62, and hence we 
calculate for acetic ether the unit of apace = ^^7^ = 58u.B. 
The sum of the unit of space is then (29) for ether, and (29) 
for acetic acid*. 

If we assume for water 5 units of space, which cert^nly 

■ U not exactly accurate, since 5x22'87=:114 instead of 117, 

■ then, according to Lowig, these correspond to the equivalent 
^ volume of 

Alcohol Cjn,0,HO . 34u»Bnd ^ =22-87 

Eiher C,H,0 ,.„ 29 „ and ^ =2387 

Acetone CjH.O al „ nnd ^ =23 80 



* I will roninrk thnl w(> should reckon IG unitB of apace instead of 18 for (Iio 
liinilic acid calculali^d from fonnic clher. (Ldwig, Pogg. .Innal., <U, a. Clli.} 

E2 
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Ponnic ether 


EO.FoO, . 


., 47 D I end -i!^ 


Acelic ether .... 


EO, A 


... 08 „ andi-;;? 


Wood-spirit ..,, 


MeO,nO 


... 23 „ and W 


Fousel oil 


AmO, HO . 


.. B7 „rmdi||^ 



VftleriBiiaMofoxideofmetb}'! MeO, TaO, 



80 



= 8S-85 
= 22-81 
= 33-83 

= 3aj3 

= 22-81 



The volume of tlie vmit of space is therefore fouod e: 
rimentalJy to be of perfectly equal aize. 

The following paragrn.[ili3 contain the laws which Liiw^ 
has eatabliahed for the relations of volume lo the comhinationa 
of C) H, and O and the radicals consisting of C and H, 
together with the nomenclature he hna fonned for tJiem, b; 
which these laws may be generally expressed: 

(1.) The radicals consisting of carbon and hydrogen I 
divides into two classes: 

(fl) Into hydroisocarbonylee. or radicals which contain eith 
an equal number of atoms of carbon and hydrogen, or in whic, 
one element exceeds the other by one atom. 

(i) Into hydro poly carbonyles, in which the atoms of carbon 
exceed those of hydrogen. 

(2.) The Hydroisocarbonyles are divisible, according to the 
relation of the atoms of carbon and hydrogen, into 

(n) Dyhenyles, or radicals containing one atom more of 
carbon than of hydrogen, Cj H, C^H^, C^ Hj. 

(i) Perisylea, or radicals which consist of an equal but 
odd number of atoms of carbon and hydrogen, as C H, Cj Hj, 

(e) Diotryles, or radicals in which there ia one more atota 
of hydrogen tlian of carbon, C^ H^, C4 Hj, C,o H,,. 

((/) Artyles, or radicals consisting of an equal and even 
number of atoms of carbon and hydrogen, Cj Hj, C^ H^. 

(3.) Associated radicals belonging to the same groups form 
an ascending series, in which each term contains Cj H, more 
than its predecessor, and the collective terms of a group agree 
with one another in their elementary properties. 

(4.) The Dyhenyles unite with 3 at, of oxygen to form, 
organic acids: C^ H, O3, C^ H3, O3, Cg Hj, O3. The Dyotryles I 
form o."(idea with one atom of oxygen, which comport them- ' 
selves as bases. The acids of the dyhenyles unite with the 
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oiidee of the tlyolrylee, and botli unite with one at of water 
to form hydrates. 

(5.) If we distingutfih by the Bymbols A,, A^ A3, &c, 
the terms I, 2, 3, &c., of the series of acida formed by the 
union of a dyhenyle with 3 at. of oxygen, or C^ H, O3, 
C^ H5, Oj, Cg H5, O3; and likewise by the symbola B,, Bj, B,, 
tie., the corresponding oxides of a dyolrjde, or C, H3, O, 
C4 Hj, Oj, and by 1, 2, 3, &c., the hydrates of the dyhenylc 
acid*, or CaH,Os + HO, C.UgjOj + IIOi it foUows from 
ihe relation of the atoms of carbon and hydr<^cn, that the 
oombinations A,+B, must have the same elementary com- 
poulion as the acid liydrate 2; and, generally, we obtain the 
following series of motameric combinations. 

A, + B, = 2 
A, + B, = A, + B, = 3 
A, + B, = A, + B, = A, + B, = 4 
A, + B, = A, + B, = A, + B, = A, + B. = 6 
&o, Ao. 

(6.) The atom-Tolume of hydrogen is to that of carbon 
^ the 

Rnl lerm C,H, C, B„ C, U, as 3 i S 

Second tenn C.D^ C. U„ C, H, u 1 : G 

Uighertenn „. C.Hp C„Hiu C„H„ M 2 : 4 

If llM weight of the unit of weight = I2-fi then is 

Tlie Tolutne of the unit of space = 33-87 at the boiUDg-point, and the 

6pee)fiegnvil70f theuait ofBpaoe = Y^fj = U'SlOat Ihe tmiling-poinl. 

(7.) If we combine the hydroisocarbonyles with 1 at of 
oxygen, there takes place a condensation equal to an atom- 
votutne of ox)'gen. Uence, the volume of the radical, when 
oombinvd with 1 at of oxygen, remains unchanged, whilst 
augmentation of the specific gravity corresponding to a 
lit of weight of oxygen ensues. If, however, the oxides of 
lie dyhenyles take up 2 atoms of oxygen, the volume of these 
'•toais of oxygon is equal to the volume of the atoms of 
kj-dragen In the compound. Consequently the atom-voliune 
of oxide of ethyl, C» Hj O, is equal to the atom-volume of 
acid, CjHjOj; and the atom-volume of oxide of amyl, 
jU,, O, is equal to the ntom-volume of valerianic acid, 
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C^HgOg, Hence it /oUinos generalli/ that the dyotrr/lr/f, thrir 
jirotiixidtn, and the tlyhciii/le ac'uh, formed from t/iese oxidex rdth 
Z at. of oxygen, have equal atom-volumes, 

(8.) If the Bcids and oxiJcs of tlie hydroisocartonylcs 
oombinc with 1 ntom of water to form hydratea, the atom- 
vohime of the compound correeponds with the atom-voltune 
of the constituents; and hence, at the boiling-point the Increase 
of volume amounts to 117. In the conversion of' wood spirit into 
the hydrate of formic arid, of alcohol into the hydrate of acetic 
arid, and of amyltc alcohol (founel oil) into the hydrate of vale- 
rianic arid, there is conse/juentty no chnntje in the atom-volume. 

(9.) If the dybenylc acids combine with the oxides of the 
dyotrylcii, then ako is the atom-volume of the compouad equal 
to the atom-volume of the conatitucnts. Since in methyl and 
in ethyl the atom-volume of the hydrogen, and in amyl ibat 
of the carbon also is different, it follows that the atom-volume 
of metamcric compounds of methyl, ethyl, and amyl cannot 
exactly coincide with one another. Formiate of oxide of ethyl 
imd acetate of oxide of methyl, valerianate of oxide of ethyl 
and acetate of oxide of amyl, are the only compouuds of thia 
nature which have, on these grounds, an equal atom-volume. 

The equivalent or atom-volume of chlorine is fixed by 
Lowig at 10'5 units of space from observations ran^ng 
between 8 and 10, {Poyg. Annal., bd. 64, a. 527,) 36 u. w. are 
therefore 10"5 u. 8., and he thinks that we may assume that 
36 u. w. have become condensed to ^ the original bulk. 

The specific gravity of perchloride of formyl (chlorofonn), 
at 40" C. below its boiling-point, is 1-48, and since the atomic 



weight 



IS 



1490, the atomic volume is ^t|^, or 1007, 



^J=46 units of space. 



Now C, = a X 6 = la units of apoco 
U = I X 2 =2 „ 

a, = 3 X lOS = 32 „ 



C,UC\, 



=■ 46iinitaof ipaoe 



For the atomic volume of iodine, as determined from iodide 
of ethyl, LiJwig obtains 1746 units of space, and fur the atomic 
volume of bromine, as determined from the bromide of ethyl, 
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13*8 units of space, and the latter ia exactly the mean of tlie 
Btoiuic volumes of clilormc and iodine. Tlie atomic volume 
of sulphur he calculates at 2 D. s. and 8 u. 8., and that of 
DitrogeD at 7 u. B. 

Rhodanetbf 1 (sulphocyonide of ethyl), E Bn, or E, C, N S^, 
has Bt 15° C *., that is to say, 80*^ below ita boiling'-point, the 
BAnie Bpecific gravity aa water; hence, fta the atomic weight 
18 1087-5, the atomic volume is -L2AZJi, or also equal to 1087'5, 
which yielda '°q?g'^ , or 52 units of space. 




ao'8 

NowC, = 2x6= launiuof space 
8, = a X 2 = 4 

N = 7 

E =30 



H 



EC,N83 



= 62 unils of space 



mil 

^Ebl 




From all these experiments Lowig finally draws the con- 
clusion: tliat 1, the atomic volumes of organic combinations 
stand in a simple reLition to their atomic weights. 2. That 
the normal relations exhibited by organic combinations tn 
their gaseous condition, are only the result of the normal 
molccidar conditions of solid and liquid combinations. 

Time must decide upon the importance of Lowig's laborious 
He has further devclojied what Schriider had previously 
hlished regarding the atomic volumes of solid compounds, 
nunely, that the constituent or ultimate elements of the latter 
»rc contained with a different atomic volume. All the cal- 
culations of Liiwig rest upon the hypothesis that liquid organic 
compounds are expanded by heat in the some manner as 
ftloohol; and it is therefore ainguhu" that the tcnability of 
tbeee views has not been in any degree investigated. 

I cannot leave the subject of the connection between the 
livalents and the voltune of bodies in a solid and liquid 
idilion without making mention of a few ingenious sugges- 
tions by Schroder on the relations which, according to this 
chemist, exi^t between the equivalent volume and some few 
Otiier properties of bodies. Sohd and liquid bodies are, as is 
wcU known, not equally expanded by heat. 



* The f oluinc of (he unit of qiace at S0° to 90^ below Uie builins-P""*'' 
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On calculating the espansion of the elementa for tli«T ' 
equivalent volumes and not for equal volumes, we obtain 
anmbnrB, that appe.ar to be in part equal to each other, and 
in part to stand in a simple relation. Scliriider is of opinion 
that the equivalent volumes of simple bodies aiiffer espan- 
BioDs by heat which stand in simple relations to each other 
when the equivalent volumes themselves have also simple 
relations, The equivalent volume of platinum and palladium , 
is for instance 57, the equivalent volume of lead 114, con- | 
sequeutly esaclly twice as large; the expansion of tlie equi- 
valent volume of platinum and palladium from 0^ to 100" is ■ 
0-162*, tliat of the equivalent volume of lead is 0*974, oon- 
aequently 6xO-162, The fact that expansions do not stand 
in the eame relation as the equivalent volumes, gives rise to 
some doubt as to the validity of this law. {P"gS- Ann., Bd. hi., 
8. 282, &c.) 

The equivalent volume of water is 112-5; its expansioQ 
from 0° to 100° amounts to 0-045668; the exi>ansion of the I 
equivalent volume is therefore =:3*13, that is, 32x0-16; the] 
expansion of steam from 0° to 100° amounts, as m the case ^ 
of all gases, to 0*366, whence it follows, that the volume 
112'5 of a gas expands by 41 from 0'^ to 100°. This amount 
is eight times the expansion of water (8x5'125) and 8x32 
times of the expansion of platinum, measured for equivalent 
volumes. Schroder is of opinion that the expansions of bodies 
are comparable in all conditions of aggregation, provided their 
equivalent volumes stand in simple relation to each other. 

In connection with this view, we may mention that of] 
Persoz, according to which an equal volume of gas or a 
multiple of that volume can be obtained from an equal 
volume of simple and compound bodies in their transition 
from the fluid or solid to the gaseous condition, (by which 
he finds the hyjjothctical specific gravities of the gases of| 
bHI bodies,) and that the hyi>othetical specific gravity of the 



* We obtain iiiia number by uiiiltijilying tlirco tioiw tbe lineBT eKpaasioQ 
from O'^ to 100'^ l)]r the equivalent volumes at 0°. Tlia linear c^pnnaion of 
plulinuin from 0'^ lo 100 = D'OOODtU, three times this number, tlie cubio 
(.■xpoiution, = 0'603Sfi2; this multiplied b; 67 gives the equivalent vola ma 

of jjlatinum. 
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■Mlof a body thus obtained ie to tliut of etcam, as tho spccifio 
^^ric)' of that body la to that of water. But Gmelin, (in 
I hj» ifamlliuch, 4te AuQ., b. 58 u. 74,) has ebown that Peraoz 
I aot only etarta witli purely arbitrary viewa, but even with 
fadi as might be proved to be fabc, and that he confirms his 
calculations in part with obeervationa altogether incorrect. 
I vol. of solid iodine gives 437 vols, of vapotir; 1 vol. of 
^jihoephonia 310 vols.; 1 vol. of arsenic 440 vols.; 1 vol. of 
il]>hur 230 vols.; I voL of mercury 1500 vols, of vapour, 
whence the unlenability of Persoz'a view is miule apparent- 
^At the time Schroder traced the condensation induced by 
HiLc union of solid bodies to their constituents, and not, aa 
Hoe now does, to the aggregate, and when he assumed the 
™ equivalent volume of the oxygen to be 32 (sec page 13,) and 
not 64 as he now docs, be endeavoured likewise to explain tlie 
difii?r«nt specific heat with wliich oxygen and the elemcnta 
generally enter into combination as occasioned by the different 
condcosation of the elements in these compounds. {Potfg. AimaL, 
Bd. liL, 8. 269, &c) He declared, by way of further confirm- 
ing tJuB proposition, tliat, if the atom-volume of a body siifier 
eoodeosaUon according to simple relations, the specific heat of 
this atom will likewise change according to sunple fixed rela- 
I lions. 

It is well known that oxygen ia contained with the specific 

. of 30 in the oxides K O, and many oxides R, O3, and R O,; 

all these oxides the equivalent volumes of the oxygen 

^Amounts to 32, a^ shown by the first table, at page 14. The 

dfic heat of the oxide of tin, Sn O, is 87 ; if we deduct 

1(1 Bpecific heat of Sn, that is, 40, there will remain 47 for 

be ppecifie heat of Oj, consequently 23 for that of O, that is 

nwu-ly ^ x30; oxygen is therefore contained in oxide of tin 

with ? of the specific heat, with which it is contained in the 

, £rst-tiamed oxides. According to the second table at jNige 14, 

Bxygcn occur* in the oxide of tin with the equivalent volume 

|]6, that i«, -ix32: consequently with half as large an equi- 

Jcnt volmne as the one, with which it appeared in the first- 

rnuncd oxides. According to Schroderj therefore, this conden- 

iition of volume to ^ corrcsponda with the diminution of epe- 
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cific heat to 5. The same holds gnoJ, according to his statement, 
for titanic aciJ, in which he likewise a^uined the equivalent 
Tolumc of the oxygen to be only 16, although it may salcly be 
taken as 32. 

The specific heat of iron pyrites : Fe Sj ia 97. If froi 
this we deduct the specific heat of Fe, that isj 40, there will 
remain a specific heat of 57 for S,, consequently the specific 
heat of 28 for S, whllet the specific heat of S lu a free coe 
dition, is equal to that of iron, namely 40, The number 28 
is again about |^ x 40. The equivalent volume of iron pyrite 
is 147, if from this we deduct the original equivalent voliuu« 
of the iron, 45, there will remain for S^ the equivalent volume 
102, and for S the equivalent volume 51, whilst in a 
condition, for S, it amounts to 100. Thus, by the union oE 
iron with sulphur to form iron pyrites, a condensation of A tb 
equivalent volume of the sulphur has taken place, and ber 
ngmn consequently a diminution of the specific heat to ^ cor 
resjjonds to this condensation of ^. 

As the equivalent volume of oxygen in Mo O3 and Wo O. 
amounts to 64, that is 2x32, (see page 14, second table) i^ 
might be supposed that the specific heat of O In these com* 
biuatiuns would be greater than 30; such, however, is not thaj 
ease, it amounting only to 26. The specific heat of Mo O, 
and AV0O3 is for instance 118, and if we deduct from this' 
the specific heat of Mo and Wo, that is 40, there will remain^ 
for Oj the specific heat 78, and consequently for O that of 26^| 
It is also worthy of notice that oxygen ia contained in oxide^^ 
of iron with an equivalent volume of 32, and in oxide of 
chronuum with the equivalent volume of 16; notwithstanding 
that the specific heat of both oxides is equally great. 



The study of the equivalent volumes of bodies in a solid 
and liquid condition deser\'e3 not loss attention tlian the study 
of the equivalent volumes of bodies in a gaseous state, aud, 
indeed, the former possesses a peculiar interest from the relation 
in wliich the equivalent volume in a solid condition stantls to 
isomorphism. It has occupied a large space in this essay from 
the few definite pointa that could be advanced upon the subject. 
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uoA the vaany different views that required to be enameratcd. 
Tluit the relation, in which the equiv^Uent toIuidc of a com- 
biiuttioQ etsDcIs to the equivalent volume of its constituents 
should not he accurately known, cannot excite surpmc, if 
we (jcar in mind that the data on which the establishmeDt 
of tliese relations is based, are either wholly wanting, or arc 
deficient, and, without doubt, in some eases, erroneously con- 
ceived. Thus exact details ore wanting for most bodies with 
reference to the enlargement of volume (dilatation) suSered 
by the action of heat; the specific gravities are generally 
known only with some approximation to the truth, and the 
ihta obtained for the fueion and boiling pointa deserve, for 
the tDoat part, still less confidence than those concerning the 
•peofic gravities. As it was impossible to find the law of 
equimlcnt weights until the older and frequently most in- 
toTTCct numerical dala of the per-centage composition of the 
oonibinationB had been replaced by others tliat were more 
accunte, so it will likewise be impossible to find the law of 
ihc equivalent volumes until correct data are obtained res- 
pecting dilatation, the fusion and boiling point, and the Bi»ecific 
gmvity of bodies. 

Tlus would seem to be the most fitting place to say a few 
^»orda upon Gmclin's atomic numbers. We have named cqui- 
^^blcnt volumes of bodies in a gaseous and liquid or solid contU- 
^^^^bthe relative volumes, which .ore filled by an equivalent of 
^^^Vbodies, in n gaseous, or liquid, or solid condition. In the 
contparieon of the equivalent volumes in a gaseous condition 
the equivalent volume of oxygen has been set down as =1; 
the equivalent volume of hydrogen was therefore =2, that 
of the vapour of alcohol =4, &c.; in comparing the equivalent 
vottinies in a solid and liquid condition, the quotients obtiilncd 
Inr the division of the specific gravities by the equivalent 
ndghts have been directly made use of, since no such simple 
■liUtion between the equivalent volume aa observed in the 
kteouB condition bus aa yet been established. If now, in 
accordance with the atomic theory, wc substitute the word 
oftrni for that of equivalent, wc obtain the word atom-volume 
ffom the word equivalent volume, and if further wc use Uic 
«ord« atouie >uid atum-volumc in the definition given for the 
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equivalent volumes of bodies, we shall have as follows: aiwii- 
volumea of bodies in a gaseous, liquid, or solid condition ar^^ 
the relative volumes occupied by an atom of the body in ^H 
gaaeous, liquid, or solid condition. According to this definition," 
the volume of an atom of iodine in a state of vapour ia 400 
times greater than the volume of an atom of iodine in a soli^H 
condition, for 1 vol. of solid iodine yields above 400 vols, o^^ 
vapour of iodine; 1 voL of fluid mercury yields about 1500 
vols, of vapour of mercury, the atom of mercury consequcntI]^| 
in a gaseous state fills a space 1500 times greater than that^ 
which it occupies in a solid form. 

The atoms of bodies ore impenetrable, and not capable 
expansion ; they are not in immediate contact with each other, 
do not fill space uniformi}', but are kept at a certain distani 
from each other, which changes with the density of the body, 
we suppose 1500 atoms to be contained in a certain volume 
fluid mercury, the distance of the atoms from one another wi 
increase so much on their transition from the fluid to the guseo 
form, that a volume of the vapour of merciuy, equal to 
volume of fluid mercury, will only conEain one atom of 
metal. We are very generally accustomed to eay, that the atoi 
arc surrounded by spheres of heat, which enlarge by heating, 
and on a transitiun from the eolid to the gaseous condition, and 
diminish by cooling, and on a transition from the gaseous to 
solid state*. 

Gmelin considers it better, instead of giving the relativi 
volumes token up by an equal number of the atoms of bodi' 
conversely to give the number of the atoms contained in an 
equal volume of the bodies, and thus speaks of alom-numliers 



and^ 



* LUwig saji, in liia ChrmU der Organiichen rerliaduagen, 1844, Bd. i, s^ 

Bl, " According to tbe ntoniic view, the ludividuoJ aloins, of which a connected 
mass conBistH, cannot perfectly Bll space; It is to be assumed tliut each indiTidiiBl| 
atom couKJata of a solid part surrounded by a sphi^re of heat, atouding in 
BBme proportional retatioo to tho individual atotns, in ivhicL tbe atoms combinfl 
iDgcthcr, so that thr quantity of the ciiaing of heal is eqiiii-olent to the quantity 
of tlie atomic weight. If the uiatenalily of heat bo admitted, tlien the alonw ' 
will combiae with heat, according lo definite proportions, in tbe same msnuer 
as these atoms combine togotlior." It is, however, clear that beat cannot be 
Anything material if we think of it as existing in the manner specified between 
the atoms of bodies; if it were anything material it would likewise cotisisl i 
aloms, and wbal would then iutorvenc between lliue atoms ? 
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inet«ad of atora-voluraea. I do not consider that the least 
Ikdvnntage to science ia gained hy this change. It will be evi- 
dent in what relation the atom-number stands to the atora- 
Tolume, of which it forma, as one may Bay, the converse. The 
atom-volume shows the relative volumes of the atoms of bodies; 
if, therefore, wi; divide the number 1 by the atom-volumesj we 
muBt obtain the atom-numbers. The atom-volume ia the quo- 
tient yielded by the division of the specific gravity by the 
atomic weight, and U)e atom-number ia the quotient obtiuned 
hy the division of the atomic weight by the specific gravity. 
Thus the more atoms of n substance are contained in a definite 
cpace, and the denser the atoms are, the greater must be the 
specific gravity; the specific gravity of a substance ia, there- 
fore, the product of the atom-number and the atom-weight. 

If wcaasume that 1 equiv. of hydrogen, nitrogen, clJorine, &c., 
fill 1 VoL, 1 equiv. of oxygen, phosphorus vapour, and vapour 
of arsenic will fill j vol., and 1 equiv. of sulphur only fl- vol. 

therefore, 1 vol. of hydrogen, &c., contain 1 at, of hydro- 
an equal volum* of oxygen, that is, 1 voL of oxygen 
must contain 2 at. of oxygen, and 1 vol. of vapour of sulphur 
oonluin 6 at. of sulphur. Tlius Gmelin diatinguishes between 
1 atom-gases, (hydrogen, iodine, bromine, chlorine, nitrogen, 
mercury,) 2 atom-gases, (as phoaphorua, arsenic, oxygen,) 6 
atout-gascs, (oa sulphur,) and he maintains that in clastic fluid 
compounds there are besides f , \, ^, and J atom-gaaea*. On a 
eubetjincc assuming a gaseous form, its atoms become sur- 

oded by spheres of heat, whose volumes are oa 1 {in the 
atotu-ga^es,) a^ 3, (in the 2 atom-goees,) as 6, (in the I atom- 
gaaee,) ae 9, (in the | atom-gases,) as 12 (in the -^ atum- 
^Mea^) aa 18, (in the ^ atom-gases,) ae 24, (in the ^ atom- 

If we eet down the atom-volume of oxygen as = 1 instead 
of ihat of hyflrogen, we shall of course obtain other atom- 
oambefs. Oxygen, phosphorus, arsenic, &e., will then be I 



^ 






■ For making two of the cjpre.=Biona J Blom-gn«, j atom-gas, Ac, we must 
Mt lh(> ludulgelic^ of tlie Mvere critic, aa much aa when we my Ihnl I nloni 
if mvmirj "> ' gB»o"B firm filk a space 1500 times greater than it occupies 

« la a liquid eonditiou. 
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atom-gases, hydrogen, nitrogen, chlorine, &c, ^ stom-goses, 
and snlphur a 3 atom-gas. 

The atom-numbers 1, 2, 6, &&, for hydrogen, oxygen, and 
sulphur, are reduced numbers, expressive of the relation in 
which the atom-numbers resulting from the diviMon of the 
specific gravity of the gas by the atom-number stand to each 
other. Gmelin has also calculated such reduced atom-nnmbere 
for the solid and liquid elements; and they may easily be 
deduced from the Table at page 4, which ^vea the atom- 
Tolumee of the elementa. Potassium has the greatest equiva- 
lent and atom-volume, it must, therefore, have the smallest 
atom>number ; and it is evident, that the elements whose atom- 
volume is equal, must also have equal atom-numbers. 
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STUDIES ON THE CONNECTION EXISTING BETWEEN 

THE ATOMIC WEIGHTS, CRYSTALLINE FORM, 

AND DENSITY OF BODIES. 

By M. FiLHOL. 



AuoKG the olijccU dr research, that have most frequently 
attracted the attention of phy^siciBts and chemiats, wc may 
mention the study of the relation existing between the atomic 
wftifht, the density and the crystalline form of ditlcrcnt bodies, 
wht^ther simple or comjioimd. The researches made in this 
dc|uirtn)cnt of scieace by Dumas, Boullay, Kupfcr, Pcrsoz, 
Schriider, Kopp, and Ammermiillcr, have made us acquainted 
with a seriea of reaulta as remarkable ae they were un- 
expected. 

As the atomic weighta, which have served to establish the 
remarkable approximations referred to in the memoirs of the 
■uthon allwled to, have, for the moet port, been very consider- 
ably modilied during the lost few years, I have thought that it 
wouM not be wholly devoid of interest, to examine whether the 
laws c«tAbIished by these chemists were etill valid, notwith- 
•tanding the changes that had been introduced; it hae likewise 
BjipeAred to mei that a critical resum6 of all that has been 
publiabod up to the present day, and a consideration of the 
new vicwfl developed in these works, miglit not be deemed 
wholly unimportant. 
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With tbesc views, I purpoac, in the present memoir, — 

Ist. To consider the researcliee of tlie different autho 
whom I have already cited, and to examine into the relations 
they have cstabliaheii between the atomic weight, the sj> 
weight, and the crystalline form of bodies, in order to 
whether they can be retained without fllteration. 

2nd. To discuss the value of the views developed by 
Kopp, relative to the manner in which we ought to confide 
the chemical constitution of salts. 

3rd. And in conclusion, to unfold several of my own viei 
on this subject. 

I purpose devoting a separate and special memoir to tl 
considerution of the relation existing between the specific 
volimie of isomorplious, or liouieomorphouB bodies and tlicir 
cryst-illinc form. I will, however, before proceeding further, 
give the atomic weights and the densities on which my calcula- 
tions have been based. 

I have made choice amongst the different determinations 
atomic weights of those which appeared to me to merit most con 
fidence, without in any way being biassed by the greater or k 
supjiort wliicb any of the numbers might lend to the views 
was desirous of developing. The ntunbera which I selected t 
as follows: — 

ATOSIIC WEIGHTS. 



Barium 


.... 8M'8Ii 


Magnesium 


.... IS7-3S 


Cadmium 


„.. 60817 


Maiiganuie 


... 344-44 


Calcium 


.... 25000 


Morcarj' 


.... IS50-90 


OorUm.. 


.... Tfi'OO 


FoUcsiam 


.... 4S8-84 


Chlorine 


.... 443-02 


Silver 


.... I34S-0I 


Chromium 


.... a4083 


Sodium 


... 287-1 J 


Coppiir 


.... 396-00 


Sulphur 


.... 20000 


lodiDo .... 


..„ 1685-67 


Strontinm 


.... 64S-60 


Iron 


..., 35000 


Tin 


.... 796-03 


Loul 


.... 13H-fiO 


Sac 


.... 40C-59 



I have myself determined a great number of densities, of 
which I will give a table. My calculations have been made 
with the moat careful attention. 
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^^^f Specific Gravities. By M. Filiiou ^^H 


loikAcid _ .. "M 


Anhjdroiui Sol- ^^^| 


AiHoiona „ - .-.. 1'884 


phate of Silver .... S-410 ^^H 


^^nenie „ ... -.. .... 4'*W 


Lead .... 6-300 ■ 


^K^ide of Barium . . 5-456 

^^^■^ Strontium .... 


Nitrate of Soda S-UD H 

Baryta .. . 3-300 H 

Btrontia .... 2*067 ^M 


^^^H Calcium 3'lltO 


Lime .... 2-240 H 


^^^^L^ 


Lead laHl H 


^^^^K LMd 




^^^ 


HydraXe of PuUsh .. 2044 H 


Btaoxide of Cupper ... R-332 


Soda ... a-i»a H 




Boryu H 


Ahiinina 4'IM 


(DaO, aO) 4'4»0 H 




SCrootia ^| 


Aali/drtMiB Chlo- 


(SrO, nO) 3-(i2S H 


^B ride of Polassiuin . 1-004 


Baryta H 


^H Sodium . 3-341) 


(BaO.ono) i-iiec H 


^B Barium .... 3'750 


Stroll tie. ^1 


^^^ StroDtium 2-am 


(SrO, ItUO) 1-39G H 


^^^^^K 


Zinc . . ... 3-0S3 H 


^^^^^P Iran 


Line .. 3-076 ^^H 


Llsdiite of PoUoaiutn 3-l>5a 


CrystBlliiiedChla- ^^H 


^^L Sodium S-450 


ride of Buriuin ^| 


^^^^^^^ Banum 


(BaCl-fSUO) 2-GC4 H 


^^^^^M Uad 6-364 


Strontium ... 1003 H 


^^^^^^V Hemir]r(bin) S^OO 


Calcium . l-63fi H 


^H BOrer .. G-MW 


Mogneuum .... t'6A9 ^| 


^^^^^ 


bxiB... .... ISW H 


^^^^blphide of PolMBium . . 3130 


H 


^^^P^ Bodinm S'4;i 


Crystallize Sul- ^| 


^^^~ 


pliatu of Sod* ... .... l-GSO H 


^^■^Hle of Potah 1-367 


Ijme . . 3-331 H 


^^^■^ 8od« 3-M9 


Magncaia .... r7SI ^| 


^^^H Oaryta 


Alaaiuft . .. 1-669 ^| 


^^^^H 


Iron 1-U04 H 


F Anlijrdroua Sul- 


Zioc.... ... 2-036 H 


i jiIm** «f rolMh s-caa 


Copper , 2*386 ^^H 


^h Soda ^GSt) 


^^^^1 


^^^^^ BtTODtia .... »77« 


Cr^-BtalliEed Ni- ^^H 


^^^^^B Use 


trate of Strontia .,. 2'llS ^^H 


^^^^^" Ma^BMia 3*638 


Lime . 1*7*0 H 


^^^^H ZiDo 3-400 


Anbydroui Boru 2'3li7 1 


^^^^B Cupper . S-aao 


^1 


^^^H Iran 


Crystallized Borax HSa ■ 


^^^^& ^fl 
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Amongst these densities there are a great mimber which 
ngrec with those determined by Boullay, Mohs, Eameo, Stc, 
others, on the contrary, differ very widely from them; as, 
for instance, those of baryta and etronlia, but I have so 
frequently, and always with the gi-eateet care, repeated the^ 
process of weighing these two oxides, that I believe I tna) 
aflfirin that the error is not on my side. 

I will now proceed to examine the works of each of tbe| 
authors to whom I referred at the b^inning of this Memoir, 
taking them in the order in which tliey were published. 

Kiipfer published in 1824 (Aiinales de C/iinu'e et ile Phiffi^ue, 
2mc Serie, tome sxv., page 337,) a Memoir in which he gave 
the exposition of a method, by which, according to his view8,^H 
the density of a large number of bodies may be determined. ^1 

Suppose p and p' to be the atomic weights of two difierent 
subsIauccB, * and «' their densities, and y and y the volumes 
of their primitive form, the Hcmi-axis being assumed to be 

equal to unity; then we have — = ^-i-. 

In order to obtain exact results by this formula, it is neee^ 
eary that the two substances to be examined should belong to 
the same system of crystallization. 

Kupfer admits only four primitive formB, viz.; the regular 
octobedron, the octohedron with a square base, the octoliedron 
with a rhombic base, and the rhombohedron. 

Kiipfer's memoir contains the calculations of a very large 
number of densities, all of wliich agree in a most remarkable 
manner with the results yielded by experiment; and this agree- 
ment ia much the more extraordinary as thwc are serious 
grounds, amounting almost to positive evidence, for believing 
that the relation indicated by Kupfer cannot be true. 



Suppose, for instance, that in the 



ps p't" 
equation ^ = ^ 



1/ becomes equal to ;/*, we shall have pn ■=: p' s', that is to 
say, the densities will lie inversely as the atomic weights: 
which is by no means in conformity with experience. On 
examining with particular attention the memoir of which I 



* &[any ejunplce of this uiDiy be fouod in Kiipfer's Memoir. 
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epcnk, we «L&]1 soon detect the cauee of this surprieing agree- 
tuvDt, which refiolts from Kupt'cr multiplying or dividing the 
fttumic weights of either of the two bodice under examination 
sometimes by whole numbera, and sometimes by fractionSi 
nnd by this means always concludes in satisfying the conditions 
of the problem. Thus the atomic weight of phosphate of 
Unte 10 multiplied by 3, tliat of the cmcndd by ^, that of 
aiHphigcne by 1, and (hat of Siberian idocraae by 3, &c The 
necessity of thus having recourse, in a great number of cases, 
to the multiplication of atomic weights by numbers chosen in 
so arbitrary a manner, affords reason to doubt the exactness 
of the preceding formida; and I am about to show that other 
cooeidorations lead to the proof that it is not accurate. 

Dnmae discovered long since a simple relatioa existing 
between the atnmic and the specific weights of a large number 
of bodies; and this relation is moreover connected with the 
crystalline form, as it only exists in isomorphous bodies. If 
p be the atomic weight of a, body, rf its density, v its atomic 

Toliune, we shall have " = ^ 

Dumas was the first to demonstrate that the value of v was 
sensibly the same for all bodies, whose isomorphism had been 
eatnbltehed by MitschcrlJch; and far from shaking the vahdity 
of this law, the changes tliat have subsequently been mode 
in eereral atomic weights have contributed to prove its 
BCCiiracy. We shall shortly see that Kopp has proved its 
B|>plicubility to compound, no less than to aim[ile bodies. 

Thus, then, for perfectly iaomorphous bodies ^ = ^, or 

what is the same, pd'^p'd. Consequently Kupfer's formula, 
whtcli supposes pd=:p' tTfia nocesearily false. 

Tlie study of the relations existing between the atomic 
wc^^t, the density, and the crystalline form of compound 
bMliea, w rendered very difficult, owing to the combination 
(if IkmIIcs being almost always accompanied by a considerable 
ohnnge of volume, and that it is very rare for the volume of a 
MniMuntl to be represented by the sum of the volumes of 
tt> components. We may, therefore, easily conceive that the 
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density of a compound cannot be determined by cn]culal!on 
until the law regulating the change of volume experienwd 
by the body in the act of combinatiun shall bo accurately 
kfiown. Several cliemiets have endeavoured to discover ii 
and I will give a rapid analysis of their labours. 

The first memoir written on tbis subject ia by BouUay. 
After having arranged in one tabic the actual denaity oi 
a large number of compound bodies, this chemist compares' 
their density to that wliich would be possessed by these 
bo<iiefl, if their elements had combined without experiencing 
any change of volume; he then proceeds to demonstrate 
several coses may present themselves whilst the bodies are com-, 
bining. 

1. The density of the compound may be the same as 
of the components 

2. It may be different. 
On comparing the actual density of several sulphides with 

their calculated density, he then tinds that in this class of 
compounds, the eombinatiou is always effected with eonden-] 
sation; the inverse holds good for iodides. Here the volume 
of the combination is greater than that of the componenla. 
We must, however, according to BouUay, except iodide 
potassium, (and I would also add to this the io<Kde3 of sodi 
and barium). 

M. Boullay finally examines if the condensation is the sam 
for those bodies which yield the same formula of atomic com- 
portion, and here he can discover no analogy. 

The memoir that I have been considering is essentially 
characterised by the absence of all preconceived views, the ex- 
periments having invariably been made u[>on comjwunds whose 
elements were known in their solid state. M. Boullay appears' 
to have adopted the best means of discovering the laws 
condensation or of dilatation, but I will subsequently show^ 
that in making choice of other compounds, and proceeding in{ 
other r«pect8 in the same manner as M. Boullay, we arrive 
at curious approximations, that he hatl not observed. It must 
not be forgotten that sulphur, which presents eo many ano- 
malies in its physical properties, may occur in different states in 
cerlaiii 6ulj)hurets, and this fact probably explains the r 
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why M. BuuUay did not observe any relation between their 
oo-cfficient^ of condensation. 

Next in point of date to the roenioir I have been consi- 
dering, succeed the researches of M. Pcraoz. 

Without entering into any unnecessary detail, I would 
call attention to the fact that M. Persoz calculates a priori the 
density of liodiee in the following manner: he eupijosca that 
1 ef^ui*'. of oxygen weighing 100 grammes, and occupying a 
volume of 70 liters, I equiv. of any other body will, if reduced 
to vapour occupy a space either of 70 liters, or 70 multiplied 
by 2, 4, 8, 16, 32 — or by 3, 6, 12, 24; this being assumed, he 
«ocks the hypothetical weight of I liter of the vapour of tlie 
body whose deuelly he wishes to determine, and then establishes 
the following relation: 

o-eoo3 P : : 1 : « 

Wtaghlof WeigLtof Density n t, iv 

I liler of aqueous lliter of the of bou^L 

v^wiir. vapour of tlie bodf. tlio water. ° 

M Pcrsoz presents in support of hie views, a table in which 
the deueity of several bodies is expressed with a surprisingly 
doee approximation to the results yielded by experiment. J3ut 
as soon ae we attempt to apply hie method in a general manner, 
we meet with so many exceptions as to render it impossible 
to admit the validity of the proposed law : I will only instance 
• very small number of cases; many similar ones might, how- 
erer, be found. 

Caleahled Dinwily. Otaerrnl nBTnU)-. i 

Iron 6-M 7'73 

Tin S-66 7^8 

Copiwr 7-18 „ 0-80 

Silver ._ IS'03 lO-l? i 

MangsaeM 6'00 S1XP 

Anwnio 8-30 A-H 

Sulphor na „ I-QB 

M. Baudrimont states the relation indicated by M. Pereoz 
diScrcDtly: according to liim the molecular and speciBc weight* 
of bodies of a determined nature arc certmn multiples or 
mibmultiples of one another, and these relations are the same 
for tsodynamic bodies. We may, therefore, conclude that 
iaodynamic bodies sensibly occupy the soma volume with 
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weiglite proportionate to their molecules. To demonBtrate 
tliie tnw, M. BaudriiiioDt compares the equivalenta of bodiea 
and their density to the same unit. The unit he take^ is 
56*24, the half of the number repreeenting the equivalent 
of water; by dividing llie cticmicol cquivalenta of bodice by 
the semi-equivalent of water, he obtains numbers that bear a 
simple relation to the densities. The following table will 
give some idea of this. 



Bodiet 


.Atomic 
Weight. 


"0 

a 1- 


Dmuly 


BElatiotii. 


Diamond .... 


ieo4-s 


3-ee 


3-aa 


2 : 3 


Chrome 


349-S3 


G-ii 


5-!10 


■ 




3*4-U 


ei2 


8-02 




Iron 


350'WI 


(J-22 


7778 




Zinc 


40li-a9 


7-22 


7-21 


^H 


Nickel 


3I»I'11 


G-3a 


8 41 


^ 


Cobali 


3Gtl'90 


G'G6 


8-S3 


1 : i 


Copper 


aao-iso 


7-03 


8-S9 


Silver 


074-5 


11-09 


10-47 




Palladimn .... 


666-a 


ll-tM 


11*80 




Pktuinm 


1333-6 


21-93 


8i-eo 




Gold 


122Q-31 


21-83 


111-35 


■ 


Tungsten 


II83-0U 


21-03 


17'W 


) V 


Cadmium .... 


09e-77 


12-38 


880 




Arsenic 


4liS-21 


8-32 


598 


3 : 2 


filolybdenum 


«is-a3 


10-62 


7-40 


J 


Lend 


18U4-a 


ss-ni 


11-35 




Antimony „.. 


8IHE-4S 


14-34 


«-70 




Till 


73fi-30 


13-07 


7-29 


2 : 1 


Bplenium 


4IM-SII 


8-79 


4-:«i 




PLospbonu 


100-4 


3-49 


1-77 




Iodine 


7y3-6 


14-OB 


404 


3 : 1 


Uromiae 


4!l»'8 


B-BS 


3- 187 


Sodium 


S87'17 


5-1 


0-97 


S : 1 


Polassium .... 


489-1I4 


8-71 


II' 118 


10 : I 



The relations indicated in this table are by no means 
rigorouB, and very considerable errors must have been made 
in the determination both of the atomic weighta and the den- 
sities before such results could have been obtained. I liave 
endeavoured to discover the changes that must necessarily be 
made in the densilics in order to arrive with exactitude at 
these relatione, and the following table gives the result of my 
calculations. 
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I 



h 



BuJin. 


DflluiEj 

ulHAiaeil- 


faluiUalnl. 


Eudim. 


Dr'irarly 
ubrAiinl. 


calcuUled. 


Douooud 


3-S5 


3'99 


CBdmium 


8-UO 


a-ss 


amnie . . 


aiM 


0-21 


Arseuic . . ... 


6-96 


G-G4 


Ma^aiMM 


froa 


(i-ia 


Molybdenum .... 


7-40 


6-74 


Iran 


7-778 


n-22 


LeoJ 


11 '3S 


ll'AO 


Zinc 


T-si 


7'2-i 


Anlimonj' 


e-70 


7-17 


Nickel 


«-41 


eaa 


Till 


7'2U 


d-SS 


CoUIt 


8-63 


Gas 


SeJeuiiim 


1-30 


4-39 


OtW** 


1I-8U 


7-03 


Pliospliorus .... 


1-77 


in 


aU>rr 


10-47 


ll-UO 


ludine 


tin 


4-tO 


Pklladinlli 


11 -BO 


1I-B4 


[ii'onilne 


31H7 


2-96 


PlKlinam 


31-00 


21113 


Sodium 


0-97 


1-ua 


Gold 


1»-2S 


21-83 


Potassium 


O'UO 


fl'ft71 


ToDgStCD 


I70) 


21-03 









The (liflerence existing between the deustty calculated and 
the density observed for carbon, mnngancsc, Iroc, nickel, 
cobalt, copper, tiilver, gold, and tin, ia too great to be attributed 
to errore of observation. M. Biiudrtniont, moreover, Btatcs 
tluit this simple relation ie not observed for sulphur, mercury, 
and bieuiuth, consequently out of 28 bodies wo find 12 wliicb 
yield numbers widely remote from tlie relation iudicaled in 
the preceding table, 

A law which admits of such numerous exceptions, aud 
supposes so mikny errors in its general results, cannot, in my 
Opinion, lie received. Moreover, M, Baudrimont liimself 
admita that those numbers are merely approximalive, and 
that in wishing to submit them to a general law we may 
<lvvute from the truth by the corrections we attempt to make. 
Here it must be observed, and I think not unjustly, tbut in 
order to obtain strictly acciu-ate results, we ought to be able 
to Inkc some account of the comparative specific heat in dif- 
ferent bodies, of their molecular condition, and, above all, of 
their oondittons of polymorphism. 

M. Kopp hae published a series of very important memoirs 
on specific volumes; he first attempted to determine by cal- 
culation the density of several bodies whose determination had 
sot bcvn made by experiment, and presented great difficultioe; 
u hftriuiD, strontium, calcium, and magnesium. It is a very 
nngtiUr fact, that he arrived at diflcrent numbers tor thtt 
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denaty of these metals, according as to whether he calculated 
Bcoording to that of the protoxide or that of the sulphate. 
Thu»— 



4 



The densitf of Dariaw deduced from 



.... B»0 = 3-n 
80jBaO = lt-W 



M. Kopp takee the number 4*55, the mean of the 
preceding numbers. He likewise finds — 



two I 



The dsnidt^ of Strontium dedaced from ..., 



.... SrO = «^ 
SOjSrO = 3-35 



and he adopts the mean number 2*86. 

In introducing into the calculations established in hia 
memoir the epeciSc volumes of barium and strontium, deduced 
from the preceding densities, M, Kopp arrives at results, 
wliich do not accord with those yielded by experiment, and 
he thence concludes that barium and strontium do not combine 
with their primitive specific volume, but with the following 
volume. 



Barimn 
Strontium 



v = US 
V = 10S 



I have already remarked that the numbers given by Karaten 
OS represenliug the density of baryta and strontia were in- 
correct; consequently the results obtained by Kopp in calcu- 
lating from them the preceding dcnsitice must likewise be 
false. 

M. Kopp does not explain in his memoir how he was led 
to represent the specific volumes of barium and strontium by 
the numbers 143 and 108, but they agree so well with the 
results yielded by experiment in all the tables be has calcu- 
lated, that we may reasonably consider them to be exact; and 
I will proceed to demonstrate that they are so. 

In accordance with M. Kopp's views, we shall find all 
the facta established, if we admit that all raetala excepting 
potassium, sodium, barium, strontiimi, magnesium, calcium* 
and aluminum enter into combination with a change of 
volume. Tliose that I am about to cite combine with 
volumes specified, which differ consideiably from their act 
Tohune. 
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Adiul Vnloinr 


VdIhod in tlw 
CumbinHtion. 


PotMnmn 


«o 


S34 


Sodiimi .... 


SSI 


lae 


Buiam .... 


IBS 


14S 


StrDntimn 


lei 


iw 




ise 


00 


Hf^neHiuii 


166 


46 



I have found, in opposition to the views entertained by 
M. Kopp, that barium and strontium arc comprehended in 
the dasa of metaU which may be considered to retain their 
primitive volume in combluattons ; it must be understood that 
in malring these calculations I have taken the data furnished, 
■s I euppoBC correctly, in M. Kopp'8 memoir. On referring to 
the tables in his memoir ( Amiaks de Chimie el de Physique, Stnc 
aMe, tome tv., p. 462), it will be seen that the foctta con be 
perfectly well received, on the supposition that the volume 
I of OZjrgcn contained in the oxides is equal to 16, 32, or G4. 
^B If wc assume this law to be correct, and seek the density 
^ppf barium and strontium according to the densities that I Imve 
^^^^wdy given for baryta and stronlia, we »hall have: — 



BaO 

8rO 



Aclu»] Sp«alfif Vulntne. 

176 
140 



VulmilB lif the MataJ. 
176 - 33 = 143 
140 - 33 = 108 



Tbos, the numbers 143 and 108, which M. Kopp derived from 
experiment, are deduced by calculation from the densities of 
^- baryta and strontian, as given above. 

^^k It man necceearily be admitted, that the other metals, as 

^^■MtMriun, &&, actually enter into combination with a volume 
^^wKmt irom Uicir actual volume. 

I will not at present pause to consider the views developed 
by M. Kopp with regard to the relations existing between the 
cryatalline form and the specific volume, a^ my object is to 
eater fttUy into the subject in a special memoir, which I 
pnrpoee at a subsequent period to lay before the Academy. 
I will now only direct my attention to an enquiry iolo the 
eorreetnew of M. Kopp's opinions relatively to the manner in 
which we ought to consider the constitution of suits, and 

^K examine how far his views on the subject arc supported by the 

^^utady of vpcciSc volumes. 



74 



THE VOLDHB8 Ur BODIES 



reesV 



All the arguments advanced by M. Kopp arc based npon a 
very curious observation iimdc by M. Schrixlei", which I must 
explain before I proceed further. ^M 

M. Schroder obser^-ed that when, after hsvuig calculaied^^ 
the specific volume of a eeries of anali^ous comhinationa 
(oxides, chlorides, sulphates), lie deduced Iroin the volume 
each of the combinations the volume of the correspondir 
conalilucnis, the same number was often obtflined to express^ 
the volume of the common constituents. {SeeAmialts de Ckimie 
et de Ph/si'pii!, 3me serie, tome iv., p. 474.) 

Thus, on subtracting from the specific volume of nitrst 
the vohime of the metals entering into their composition, wt 
always obtain ns the remainder the number 358, which ex- 
presses the q>ecific volume of X O^, in the same manner 
for carbonates, the Tolume of C 03= 151, &c. 

We will now examine the consequences deduced by 
Kopp from his calculations. Two theories present thcmsclv 
in explanation of the chemical constitution of salts. Acco 
to the first and more ancient one, a salt produced by the 
combination of an oxacid w^th a metallic oxide must be con- 
«dered to include each of the two elements that have entc 
into its formation: thus, sulphate of potash equals SO, KO. 
According to the second theory, the oxygen of the oxide forms 
with the acid a new compound, which will combine with th 
metrvl: thus, sulphate of potash would be S O^ K. 

Many arguments may be advanced for and against each 01 
these theories, I will, however, limit my remarks to the dis- 
cussion of the support which, according to JL Kopp, is derived 
by the second of these theories from a study of specific 
volumes. 

We will then consider, as this chemist proposes, both ihs' 
specific volunies of the salts, formed by an oxygen acid, and 
those of the best known metnls, as for instance the nitrates 
lead and silver. 

We obtain by experiment for the specific volume of nitmte 
of silver, r=488; for that of nitrate of lead, c=472; for t 
spetafic volume of silver, r:=130; for that of lead, ('=114; ( 
the specific volume of oxide of silver, [• = 194; for that of oxi 
of lead, p=146. 
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What theory can need more lij-jfotheaie to expreea the 
volume of the sails in i|uostion? The theory of hydi'aciilB, aiip- 
poeii^ the metal to be contained lu such in tbeee salts, deter- 
minea the volume of N 0^: 



Ag 



■108 



HO, 



= 368 



Pb 



= 114 



NO. 



= ssa 



The specific volume of N O^ ia thus of the same value in 
both cases; here only one supposition is required to exprcsa 
A* density of these salts, and the specific volume of N Og is 
eslabliehed in both ca>^c!i' as being equal to 358. 

The theory of oxygen aciila does not admit of similar sim- 
plicity; it supposes the metal contained in the salts to be 
in the condition of an oxide, and in order by this uicauii to 
ilctcnuinc the Bpecific volume of S O,, we have — 



AgONO. 
Agp 



tea 

194 



Pb O N Oj = 472 
Pb O = us 



NO. 



= Mi 



NO, 



= 320 



The theory of oxygen acids thus yields a difTcrent remainder 
for tlie volume of NOgin tlie i^fferent salts; consequently 
tbo theory of hydracida is necessarily simpler than the former 
with regard to the explanation of density, and considered 
firom this point of \iew haa the greater appearance of pro- 
bahiliiy. 

These ar^nments are plau^ble, but a very little consi- 
deration will be sufficient to show that they are much leas 
tuluable than we might at first sight be inclined to beUeve. 
And all the preceding reasons are actually based upon an 
incorrect deuaily (that of the nitrate or the oxide of ailver), 
or upon an exception, as 1 am about to show. If wc auppoae 
for ioMtJuice, that the theory of oxygenous acida be correct, 
uwl proceed with regard to other salts as we have done with 
tlw uitrat«s of silver and of lead, we shall have: 



NO, BiiO 
DaO 

NO, 



= Ml 
= 176 

= 330 



NO. SrO = iG« 
SrO = 140 



NO. = 



im 
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Ob *iTr''"''T; otber ctasees of aalts; 



Vol. 



if^taWcOlH... SO, ZnO = S04 
ZiiO» 90 


Sulphate of Cojiper 80, CuO = SBO 
CnO « 76 


80, =1M 

l^hirwli nf IHijW 00, BftO«3!M 

Ba0-1T6 


80, =2M 

Carbonato of 7.\w C 0, Zn = 2M 
ZnO = 90 


CO, =119 


co,-iii| 



1^0 foUiiwing Uiblee will serve to prove that the examples 
t tiAvo cUihI Khvx' not been arbitrarily choeeo, but tbnt all 
Mlt» i.viiipriM'4,1 iu M. Kopp'e tables, (excepting ihe sails 
wlv«r,) Unkl to the same result. I believe I ought to reniarl 
Uut U* WW "iipiKwe an error to have been made in the de 
luiuiitiuu ol' (he iteuiiily of oxide of silver, the salts of thi 
lUCbU WMilil bu eiuu]>rehended under the g;encral law. 
wRui of this iiatiirv i^eeins not improbable, for the numbers 
giNVU hy ililKTt.-iit authors for the density of oxide of silver 
xwy Yory ixiuttidvrably from one another, as we may see 
ihv followbg Atatemouta: — 




Uooail; uf oiiilp of ritver 



7'U according to HerBpalli. 
T'3fi „ Boallaj. 

a-30 „ Kusteo. 



Hvwuvvr ihii uwy bo, I am about to show that the theory 
tiA^vtivtk tuwla lotwlt to rceultij wliich are quite as satisfactor 
m tkvttv obtaiut.'d by the theory of hydracida. (I would remarf 
^W Uttt the fi>lK>wiii); oali'ulations are all based upon 
inif^ »iiil ihuiuiv'ttl wnuvalenta adopted by M. Kopp.) 

1 .1. Tlw thtwry nf hydracids furnishes a 
- ,4 litcUt il WW duppose that the compound S Q^ j, 
■1 Iwu lUocUw of condensation in its conibinationB.B| 
' Uaiv*. lit volume equals 186, whilst in 

vu ncitl* likewise accords well with th^| 
I tutl ihc compound S O3 experiences 
< awt (liut its specific volume equala 
ii,w» in olhere. 
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SiTLPHATEa. SO3 = 154; O = 32. (Firat Series.) 
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(Second Series.) 
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Chbohates. The density of Chromatca may be well ex- 
by assuming the number 196 aa the specific volume of 
I Chromic Acid. 
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Tt>~NGSTATE8. Volume of the acid = 212; volume of 
lygen = 32. 
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^M Nitrates. O = 32; NO5 = 326. ^^^ 
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H Carbonates. O = 32; CO^ =: 119. ■ 
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^1 The prece<liiig calculations will, if I am not deceived, shonS 


^H that no arguments can be drawn from the study of specifio^^ 


^1 volumes either for or against the theories in question, and tJiat 


^H the latler remain precisely the same as they were before thesa^M 


^H obserratioujj were made. '^M 


^H To the labours of M. Kopp succeed those of Aiumcnnuller»^| 


^^1 who has L-stablishcd a law whoae expression, mo<1if)ed b^^| 


^H Foggendorf, is as follows: ^M 


^H The specific weights of the combinations of n radical witltH 


^H on electro-negative body arc to one another as the corresponding 


^H atomic weights, cither directly, or after multiplying them by^J 


^H certnin simple fracliona. ^M 


1 ^IH 
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^V This law ia verified in a great many cases, but an objection 
Vvwy be advanced against it whJcL I think of the greatest im- 
portKDce. Thua, if we examine the tables drawn up by M. 
j^KAnnDcrrauller, we shall not fail to perceive that the fractions 
^^py which ho nmltiplice the atomic weights are very far from 
^^being simple firoctions, and this is so fiiUy the case that by 
^Kureuing hi^ method of working out the calcidation we are 
^fllwmye certain of arriving at a result in conformity with the 
one required by the experiments, and that even when we have 
•tan«d from results, which are evidently false. This may be 
^proved by M. Amiiiemiiiiler's own calculations. He calculates 
density of binoxide of lead from that of the protoxide, 
to be 8'01, and he thus arrives by calculation at n 
ly correct determlnationofthisdcnaity. But the real density 
protoxide of lend is, at the least, 9*3; M. AmmermuUer lias, 
fiercforc, nrrivcd at accurate results, although the data on 
tiieh lus calculations were baaed arc evidently incorrect. This 
stftnee will, I think, be sufficient to show that this law cannot 
regarded as valid. 

The \aet author whose work I would consider is M. 
liri)<ler, and the conclusions he arrives at are to this effect: — 
That the specific volume of a body may be equal to the 
1 of the volumes of its elements. (This proposition is based 
r>n [he obser^'ations made by M. Boullay.) 
3. That any element may occur in different combinations 
diilcrent conditions, in such a manner that its specific 
Tolome varies in the same relation as the numbers I, 2, 3, 4, 5, 6, 
&c. This law comprehends that of condensation. 

3. That the condensation of any one of the elements of a 

compound body may vary according to the same relation of 

■■■bv combination. ( This fact forma the bneis of isomerism.) 

^H Thr fourth law relating to isomorphism agrees with that 

^Hf &I. Dumas, of which I have alreiuly spoken. 

^H The truth of the first law is evident, and cannot be contested. 

I^V The second law does not appear to be sufficiently demon- 

•Inilcd: it niay, however, be supported by numerous examples. 

T1)U», wc have already seen that the condensation of oxygen 

tba oxides or in the oxysalts is such that all the facts may 

explalaed if we aseumo the volume of the oxygen to be 





^te 



so 
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equal to 8, or to a multiple of 8, M. Kopp has shown 
the condensation of chlorine in the chlorides is such, that tb 
vol. of the chlorine ia 196 for BOtne, and 245 for others. Now' 
theee nnmberB, 196 and 245, arc to each other aa 4 to 5; but 
even here the law is often at fault. Whether, therefore, in 
the series of the sulphates, we adopt the views of Eopp, 
those wluch I have developed, the numbers that express th 
atomic volume of S Oj, or of S O^, in the two cases of cor 
densation, are not exact multiples of one another. 

1 am now about to show, that if we study the changes i 
volume which occur during combination, setting aside 
preconceived views, and without seeking to aaeertaiu if 
dilatation or the condensation have effected either of the conif-'' 
poncnts (which it seems to me to be very difficult to appre- 
ciate), we arrive at results that are not wholly unimportant. 
Let us take the series of the chlorides, and let— 
P represent the atomic weight of the chlorine, 

^ » 
or „ 

a 

If we suppose 



its density. 

the atomic weight of the meiaL 

the density. 

the density of the chloride. 

that the elements have cootbincd without 



change of volume we shall evidently have: 

" - Pd' + p-d 

If D represent the density of the chloride, as yielded by exj: 

riment, we shall always find /)> A, and — ^ — will expre 

the co-efficient of condensation. 

Let us take for the density of the chlorine the number 1'3S 
Faraday haa found 1 'SS, Kopp admits 1 -38. 
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Supposing tlie density of C O^ to be 0-S3, we obtain tlie 
following results on applying this calculation to carbonatea. 
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Let U9 now proceed to consider from the same point of 
view, the hydmted and cryetallized solla. 
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These tables evidently ehow that in a very large nuial)e^^| 
of caeca, setting aside all hj-pothesiB, we find that the co-efficient 
of the condensation of tbe components that are most onalogou 
to one another is the same in a chemical point of \iev. 

These approximations further show that in a certain aoml 
of cases, the relation existing between the deneitJes calculate 
for certain components of the same class is identical with tha 
which exists between the denntics yielded l»y exiwriment; and 
hence arises the possibility of calcidating, a priori, the densit 
of certain salts from that of their elcmenta and that of a 
of the same species, having a great analogy with the on^l 
whose specific weight we wish to determine. In fact we ha^ 

I will give a few examples of this fact: — 

Chloride of sodium .... „.. i a I-I09, D ~ 8-34 

,, poUssinm <&' = l'039, 

1-ira ; 1-039 :: 8-24 : 1-900. 

The density of chloride of potassium is given, by experi- 
ment, in the following numbers, 1'94; according to Kopp 1-92: 
to Karsten 1*994. 



Bulphaleof bai^U A 

„ ■troDti& .. .... a' 

S-393 : 2-901 : : 4-44 



» 3-3y3, D = 4-440 
= 3-901, 
3 700. 
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Experiment givee for sulphate of strontia S'dS; according 
Breithaupt 3-59; to Karsten 3-77. 
It will easily be seen that these instances might be greatly 
n^ultipliecl. Unfortunately, the relation which I liave indicated 
B not Absolutely general, and cannot be considered to con- 
•tilute a law. It would have been easy to obtain identical 
BirnilHTS for the expreaaion of the co-efficient of condensation 
•il a large number of compounds by merely altering slight 
<]uuitities in the densities used in my cnlculatious, but I have 
Jcft the numerous discrepancieB that will be observed, in pre- 
ference to altering any of the results yielded by cxjieriment. 

I would remark, in resuming tlie subject under discussion, 
Ihut the study of the relations which I have considered is far 
from being so much advanced as may be supposed; it is easy, 
by modifying a few of the numbers serving to estabhsh the 
calculations made on the subject, to obtain very promising 
approximations, but their perfect agreement with the results 
'of experiments should excite some distrust, for it is extremely 
ifficult in cases where we are unable to take account of 
lumerous cauacs of error, to arrive at results which are as cxatit 
the greater number of those given in some of the works I 
ve analysed. 
I am, however, tar from wishing to depreciate the merit 
of those memoirs, and I trust that the authors will be convinced 
t nothing but a desire of throwing some degree of light 
poo a difficult subject, In which almost everything remains 
be dune, would have led me so unsparingly to expose the 
«de of their several theories. The best means of arriving 
tmth is, in my opinion, to abstain as much as possible from 
all hypothesis, to endeavour above all to determine with great 
exactness the densities which form the basis of the calctdations, 
wmI to make a comparison, whenever it is possible, between 
regularly crystallized bodies, since form haa a great inSuence 
OQ density. Setting aside the equality of volume in isomor- 
pbous bodice, the views I have discussed in this memoir, what- 
e*er be the ingenuity with which they may be advanced, all 
admit of being contested, 

I liavc endcavtiured in the most impartial manner to show 
«Imtcv«;r was defective or good in each one. There are eouiu 

G2 
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which certainly ought to be rejected, and others which most 
be very conBiderably modified before they can be brought into 
harmony with the results yielded by experiment) and others 
again which, although correct in a very great number of casea, 
are not so in all; these, it appears to me, ought not, however, 
to be over-hastily rejected, since a more careful study may 
show that they are capable of being made to accord in every 
case with experiment. 
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ON THE LAWS, ACCORDING TO WHICH THE MIXING 
OF FLUIDS AND THEIB PENETRATION INTO PER- 
MEABLE SUBSTANCES OCCURS, WITH SPECIAL 
REFERENCE TO THE PROCESSES IN THE HUMAN 
AND ANIMAL ORGANISM. 

Bt/ JULIUe VOGEL. 



The phenomena, which' we are accuetomed to embrace under 
one general conception of animal life, are composed of an 
infinite munber of individual proccsaca, which stand in the 
moet varied combinations and mutually reacting relations to 
each other. To these belong those ndxtures of different fluids 

» either in immediate and direct contact with each other, or 
Be{Kij^ted by organic partitions (animal mcmbrnnea), through 
which they pass and mix together. Many of these mixtures 
■re eo Himple, and are so entirely identical with those processes, 
which every one in ordinary life has constant opiwrtunities 
H of observing, that they must be considered as scarcely deserving 
^■gn further consideration; others, on the contrary, present 
^■■Dy i>eculianties, appearing at first to be highly paradoxical, 
uul even in direct opposition to the laws of hydrostatics. 

P Among tliese are the processes termed Endosmoais and Ems- 
moiis, in which two fluids, that mix by means of a partition, 
•0 completely change their volumes, that the one fluid increases 
while the other, in a corresponding manner, duninishea. Cases 
|bf this nature have met with sj)ccial and careful observation, 
od attempts of dlflerent kinds have been made to explun 
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the phenomenn occurring in ihia process. The deeper, liow- 
ever, that we penetrate into these apjjarently paradoxical^^ 
phenomena, the more does the mysterious obscurity that en^H 
ehroudeil them disappear; and the con%'iction forces itself up>^n^ 
the observer, that they are connected in the moet natural 
manner with those simple casee, which give rise to do surprise, 
from our being familiarised to them by daily experience. A 
satisfactory explanation of the whole must, however, intUs- 
pensably be preceded by an endeavour, starting from tbel 
simplest ca^es, to bring all phenomena occurring in the mixing ofj 
fluids under common laws. But these, like all other natural' 
Uwa, cannot be established ^ priori, but must be obt^ned from 
the experience gained by experiments, which again presuppose 
observations. The conditions that may occur in the mixture of 
fluids are very numerous) and consequently the field opened Ul^| 
U3 is extensive, and the toil required most arduous. Tu this 
must be added, tlmt it is not sufficient here to ascertain the in-^^ 
fluence of the general conditions at work, but that it must baH 
considered rather the special task of science accurately to deter- 
mine the amount of influence exercised in each individual ease; , 
that ia, to establish it numerically. Such an exact mathcma 
tical mode of treating the subject ia not only possible, but 
appears to be necessary, and simply in accordance with 
requirements of science; it is, liowever, attended by difficulty^ 
and presupposes an extended series of careful investigations, 
since each experiment of the kind, as the following consider-j 
atiiina will show, necessarily presents many sources of errorj 
it ia only, therefore, such numerical results as have bee 
derived from a large number of observations that can 
received as approximating to a standard of correctness. Tl 
problem is one wliich can only be satisfactorily solved b] 
degrees, and rather by the combined labours of many than b] 
the researcliea of any single enquirer. 

These and similar considerations have induced me to lay tl 
following remarks before the public. Although I have dceme 
it best for the present to withhold the special data derived^ 
from a series of experiments (some of which were attended 
witli much Inliour.) ae they are insufficient for the establish- 
ment of a matliematical basis of thie subject, and my object id 
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fvntripally to draw attention to the leading phenomena which 
occur ia the mixing of Quids, and in their permeation through 
orguuMd euhetoDCcs, and, above all, to point out the mutual 
connection existing between these phenomena, I ehdl rejoice 
if these remarks should lead others to turn their attention 
to an enquirj which ia of so much importance to physiology, 
and if the veil may thus be gradually removed, which now rests 
upon this subject, as well as upon many of the most important 
rital processes*. 

1. 

If two fluids, whose constituents chemically attract each 
other, come in contact, they will combine to form one mixed 
fluid, of which each smallest particle will exhibit a like 
property. It^ for instance, wc mix a fluid consisting of 20 
parts of salt and 80 parts of water, with 100 parts of water, 
a fluid will bo formed from the mixture, the smalleat distin- 
guishable particle of which will contain 9 parts of water to 
every 1 part of salt. 

Precisely the some thing occurs on adding to the fluid some 
solid body, that is soluble in it, as salt for instance. \Vlien 
tbe solution is completed a fluid will be formed, the smallest 
particle of which will exhibit the same character, consisting 
of ft definite quantity of the original fluid with a definite 
quADtity of the dissolved body. 

* Tor the dirpctioa of anch as are deairoui of entering further into this 
mb^aot, I mbjuia a Hat of the most imlrarliLDt worka regarding it : i 

MafniUjia Poggemdotfa Auuaina. BJ. 10. 

W. W.FUrfurr do. „ H. 

Foium do. n 1 1 . \ 

DiilTothet, Kl^moirefi poor servir & I'Qistoiro Anat, ot Fhysiulog. dra V^^ 
lain el dea Animauz. Paris, 1837. T. i. p. 1—90. (Dutrochet himself regard* 
what he Uaa writlen in this trmtise upon Endoamoiia Ba ftloDo entitled to oUen- 
lioiii coneidcring all his former labours on the aame aubjecl, which ure not 
IneOTponted id tbia paper, aa invalid. — Avont-propos, p. sxxi.) 

KlinehatT, Arliole, At^fiaugung, Absorption. Wagner'a Uuidwtirterbucb 
4t PhTnoIogie. 

E. BrSeke, do Di&uaion« Hnmonun per sepia morluk et vivo. Dissertat. 
B«rDLnl, 1042. 
^L /'(■Ivut/JV, Compter Rendus, 1814. II., p. 994., ^c. 
^H C. ttallttd el A, Cima, Annates de Chlime ft de PhjniqDe. Janvier, 

tMtL 

ftrttt, Auula of rhilowphj, 181G. 
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3. 

If we suppose the two commixing fluids to be two se 
rated masses, a, b, (fig. 1,) then the constituents of each will' 
Attract those of the olher. At the same timi?, however, the 
constituents of a will attmct those of h, and conversely, and 
this latter species of attraction b stronger tlian that esisUng 
between the constituents of each body among themselvea. 
Thus, atoms will pass from a to b, and again from & to a, 
until both mosses have become chemically equal; that is, until' 
they have assumed a like composition. 

If, in this perfect admixture of the two fluids, as much 
has passed from a to d as from b\x>a, both masses will retain 
their original volume after their comraisture; but if, on the 
contrary, one mass takes up more than it gives off, the two 
masses will change their original volumes in such a manner 
that the one will have increased in proportion as the other liaa 
diminished (flg. 2). In those cases, where the two commixing 
fluids ore contained in one common vessel, the difii^rence of 
size occurring in the two masses from their admixture is not 
perceptible, for the mass a (fig. 3,) will, in accordance with 
the laws of hydrostatics, assume the form a', when all want 
of uniformity in the level of the fluid will disappear. There 
are, however, cases in which the difference of volume in a 
and b, arising from their commixture, may be perceived, and 
where it admits of being measured; of these we will speak 
presently. 

Kg. ». "^B- "■ 
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3. 

Let us now consider the commixing fluids, not as two simple 
masses, but as consisting each of a very large number f>f 
[Kirticlce, which arc in each fluid perfectly similar to one 
auother. The manner in which these particles are arranged 
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nercMC^ an eseential influence ujion the nature of the mix- 
lure, that is, upon the time requisite for the perfect admixture 
of the whole. Let a, in fig. 4, represent a particle of a 
aolutioQ of salt, while the divisions from b to e are particles of 
water. As eiich particle of water mast take up a definite quan- 
tity of salt in lU perfect admixture, it is necessary that, in 
the at>ove advanced illustraliou, every saline particle coming 
to r ehftll first pass through the particles from b to d: to 
tntveree this course, a certain time is, however, requisite, the 
Irngth of which will depend upon the length of the course 

I to be traversed. 
In fig. 5, on the contrary, where the position of the par- 
ticles is difTercnt, all the particle» of water being in immediate 
CODtHct with the particles containing salt, the particle e will 
tske up salt much more rapidly than in fig. 4. 
niiBi 
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It happens, &om this and similar relations, that equal 
(jiMntilies of fluids of the same kind, which mix together, 
require a very different period of time for their perfect ad- 
mixture under different relatione. 

If, for instance, two fluids of diflTcrent specific weights, which 
will mix together, as water and a solution of salt, 
Bptrit« of wine and water, &c., be carefully brought 

tber in such a manner that the heavier fluid 
he lowermost, the particles of both fluids being 
little changed from their position as possible, the 
uune case will oct^ur as in fig. 4, and the perfect 
•dmixturc will be very slowly eflfected. We may 
regard both masses as a column (fig. 6), the upper 
lutlf of which, as from a to c, being com]>osed of 
fxirticW of spirits of wine, and the lower, from 
d to X' '^^ i>articlc8 of water. As long as the 
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psrticles remain st rest in their poHition, each atom of epmta 
of wine, pasaiiig from tlic particle c to /, must go through « 
d and e, and, in like manner, every atom of visXa, going from^| 
d to a, must pass through c and b. The higher, therefore, the ~ 
columns arc, the longer will be the period of time necessary 
for the perfect admLsture of the whole ma<a; but the case 
IB different when not only the atoms in the two fluids, but 
whole portions of tlie mass, as from a %o f, move; if, for 
instance, we stir them. Then each pardcle of water will 
come in immediate contact with a particle of epirita of winc^ 
aa in fig. 5. The perfect admixture will follow much more 
rapidly, and the height of the fluid column will not exercisej 
any appreciable in^ucnce upon the period of time required forj 
the perfect admixture. 

The following arc some of the principal causes that call| 
forth changes of place of whole portions of matter (and not 
only of atoms), or, as we generally express it, currents, in the 
commixing fluids. 

Mechanical forces acting from without, as stirring, tkaking) 

&C. 

77ie gramtif, or unequal specific weight, of the comminglingl 
fiuids. If, for instance, we dissolve a piece of sugar in water, 
taking special care to avoid every motion, it will make a great 
difference in the period of time required for the complete 
diffusion of the body in the fluid, whether we put it at the 
bottom of the vessel, or hold it suspended on the surface of 
the water. In the flrst case the particles of water saturated 
with sugar are below, and remain there owing to their greater 
specific weight: hence no currents will be formed, and the per- 
fect admixture will only fuUow very slowly on the progreeaion 
of the atoms. If, on the contrary, the sugar is above, the parte 
of the water satiuTited by it will have a tendency to sink, owing 
to their greater specific weight; visible currents will then 
arise in the fluid, and the mixture will be much more rapidly J 
completed. \ 

Unequal heat, boiling, &c, act in like manner in calling 
forth currents that accelerate the mixture. 

As in every mixture of fluids, owing to one cause 
another, currents unavoidably arise, the amount of which 
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be (wwurately Jctonnined, it k scarcely poas'iLlc strictly to 
' dcfiDe the ditlerence whiuh certain cosditioDS occasinD in the 
fertcct ndiuixture of two commingling fluide. Every case 
presented to us is a combined one, wlilch at certain times 
ai^ruximatcE more (o the condition of absolute rest, and then 
■gain at uthers more to that of absolute motion in the particlcB 
pf the fluid. It is, however, of importance to theory accurately 
'%tiid etriotly to iliatinguiBh these two kinds of motion, viz., 
lAr i/rwfTTtsion af invisible atoms, and that of the innallest visible 
partieUa. If, as is generally done, we term the former currents, 
re must not apply the same appellation to the latter. 

4. 

In the casea we have been considering, the two fluids were 
misribU, that is, they formed, in consequence of being lirought 
itn contact with each other, one fluid, the smallest appreciable 
{■article of wliich had a perfectly homogeneoua character after 
the perfect admixture had taken place. 

There are, however, coses in which two fluids withdraw 
certain const iluenls from each other on being brought in 
cootoct, without tliemsclvea mixing together. 

Thus, for instance, oil (olein) and water do not mix; and 
it ia only after longH3ontinued stirring that they form an 
cmuliuon, that is, a fluid in which the particles of oil and water 
arc plainly to be distinguished from one another. If now 
wc ruti oil and common salt together, and bring tliis mixture 
in contact with water, the latter, whose particles have a greater 
chetoicBl attraction for the salt than have the particles of oil, 
wil) withdraw the salt from the lost-named particles, and after 
tltc perfect admixture is completed we shall have, besides 
ihu pwticies of oil, particles of water, each of which will hold 
ft certain quantity of salt in solution. On mixing equal 
qiunlilies of ether and water two fluid layers will be formed, 
which will not mix further, and of which the upper and lighter 
coa«et8 of ether and water in the proportion of 36 to I, and 
the lower and heavier one of water and ether in the proportion 
of d to 1. On separating the two fluids, and dissolving chlonde 
of mercury in the one, the other fluid will, on the two iluids 
being tgaiu mixed, withdraw a curtain portion of the salt from 
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the solution. (Briickt.) In both cases, therefore, the one fluid 
abstracts Iroiu the other, without, as a neceeaary conacqueoce, 
yielding anything in return; the one iacreoaee, and the other 
diminishciii, in proi)ortion to the quantity taken up. 

If, in tliis process, we have regard to the quantity takea i 
up in a given time by a fluid under definite relatione, and to | 
the quantity given ofi" by the other fluid, we shall easily 
perceive that the quantitative amount that has passed from 
one to the other in a definite time is (in equal masses) greater 
in proportion to the aurfiiee nt whieh the two fluids arc m 
contact, and tiiat it makes a coneiderable difference here , 
whether the change is eflected during a. state of rest of tLe^ 
fluids, or while they are in motion (currents, § 3). 



lUlation of mich Fluids as come tn contact tttth PermeubU ' 
Sahstances, or are separated from each other lij/ J'erme atta 
Partitions. 

5. 

Hitherto we have considered both fluids as in immediate 
contact: wc will now investigate the caaes in which a fluid 
penetrates into a permeable substance, or where two fluids are 
separated by a permeable partition. Every substance may 
be regarded as a permeable partition, that admits of Wing 
penetrated by one of two fluids, or merely by certain consti- 
tuents of either. 

Experience teaches us that many permeable substances 
exercise upon the fluids penetrating into them a certain in- 
fluence, which is different in different cases, and it requires 
therefore a special experiment for each case, to determine its 
nature and amount, although it admits of being brought under 
certain general points of view. This influence is partly mecha- 
nical and partly c)iemlcaL 



6. 



The mechanical influence exercised by a permeable sub- 
stance upon the fluid penetrating into it consists In the fluid 
being attracted by tlie substance with a force that opposes a 
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<?eTtjun Ksislimcc to other luechnnica] forces nctiog upon the 
fluid, as, for instance, gravity, hydroatsitic pressure, &c. 

This force U generally dcsipnated by the term capillarity, 
or capillary attmction. Of the numeroiis examples oceurring 
of tiiis mechanical capillary force, I will here only adduce the 
WcU-known Xihcnomenon of water rising in a strip of blotting- 
paper in oppogitioD to the action of gravity. This uiechanlcal 
capillary force varies verj- considerably in different cases, de- 
pending (1 ) upon the nature (of the material) of the permeable 
substance and of the fluid; thus, for instance, water is attracted 
by all substances which it is able to mnistcu, whilst between 
gUaa and mercury do such attraction exists; and (2) upon the 
amuig'ement of the penneabli- siibetance, its thickness, and the 
«iw of its interstice? (pores). 

The mauy different kinds 'if filters furnish examples of the 
various manners in whicli this mechanical capillary force acts 
in individual cases. Thus, if a fluid he poured into nn open 
funnel, it will run through much more rapidly than when it 
hue first to puss through a filler. Its slower escape, in the 
latter instance, does not only depend upon the size of the 
openings being contracted by the solid substance intervening 
(wtween the capillary spaces of the filter, but likewise upon 
the capillary attraction in the separate capillary spaces of the 
vessel, which offers a certain resistance to the hydrostatic 
pressure of the fluid, and time in part removes it. In many 
fillers this resistance in very inconsiderable, and the fluid will 
cciosequcntly pass rapidly through, while, in others, agiun, it 
ia much stronger, and the fluid then filtrates slowly. The force 
of capillary nttraction Is, in mnnj' cases, so great that it is 
olilc to ci|uij>oisc a considerable opposing force. If, for in- 
•tAnce, a glass tube be so lightly closed by a bladder that no 
llniil can penetrate between the glass and the animal membmne, 
■nd if it be then filled with water, the capillary attraction of 
bladder will retain the water with so much tenacity, that 
pressure of a column of water several feet in height within 
lulw will not be able, before a period of eevcr.d hours have 
rlnjiAcd, to force any appreciable quantity of water tlu^ugh 
ihc bhuhlei", and many days, or even weeks, will intervene 
bcforv a volunin of water, several inches in height, and whose 
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baee covera the surface of the bUdder, will be able to penetrate 
through the membrane. But even in the ease of thick animal 
mcmliranea, the resistance Opposed by capillary attrocuoD to 
hydrostatic pressure and other moving forces, ie not, gener 
Bpealdng, absolute, probably because almost every membr 
betveen its many Bmall porce, in whioJi capillary attraction 
very coDsiderablc, contains also several of larger size, through 
which 6uids may be forced, even under a very incon^dcrable. 
amount of pressure. 

The amount of this mechanical capillary force may be ; 
taincd for different permeable subatancea by means of experi-" 
roents, that at least approximate to a correct estimate; for this 
purpose we use glass tubes of equal diameter, wliich are closed 
with these different substances after being filled with a fioidi^ 
by thid means the quantities permeating in an equal period o^M 
time by equal hydrostatic pressure may be accurately deter- 
mined. Here there are, however, many relations to be re- 
garded, which detract from the accuracy of the results obtained 
in most experiments of the kind. Many substances, as, fol^l 
instance, the thinner animal membranes, are expanded by th^^l 
pressure of the column of fluid resting upon thera, and thus 
their ciEcient surface is increased, while, at the same time, j 
their texture ia changed, their thickness diminished, and the 
pores enlarged. When the experiments are prolonged for anj 
length of time, the substances frequently undergo changes froi 
putrefaction, &c; and owing to these causes it is scarcely 
sible to draw any valuable concluBions from a few experiment 
of this nature, it being requisite to have many, even several 
hundred experiments, from which to derive approximatlvely-j 
correct mean numbers, aa guiding-points for the comparison ol 
the mechanical capillary force of different substances with each 
other, or with different fluids. It is, therefore, to be desired 
that experiments of tliis nature were mode on many different 
substances, and in large numbers. 

7. ^ 

Many substances that are permeable by fluids appear tc 

exercise no further influence upon the penetrating fluid that 

the above-named mechanical capillary aitraef- ^*''> find ii 
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lli case, on compamg ihe rcautta yielded by ojcpcriraenis on 

differutt periucjible Bubstancea, cither differences only in the 

lnw necessary for an equul qumitity of fluid of equal euperficlea 

»nil vfith equal pressure to permeate a substance, or ditferencea 

"I r^al periodt of lime in the quantity of the permeated fluid. 

^eh permeable substances do not act upon the quality of tlic 

tfuid to change it; thus, aa a general rule, we find that in ordi- 

BMT filti-rs, the permeated fluid hits the some character aa before 

it wae Altered, while only such partjcles are impeded in their 

ptae^e as are mechanically prevented by their size from passicg 

Uirough the pores of the filter. The matter is not, however, 

always so simple. Thus many permeable substances yield a 

pasnge excluaively, or in a large projKirtlon, only to certain 

eoiutitaents of a compound fluid and not to others, and consc- 

qociitly the permeated fluid acquires a diflereut composition 

from what it had when poured on the filter. 

If, for instance, we pour an emulsion, composed of equal 
fmrtM of water and oil upon a thick filter luiviug minute 
pore»t and that has been moistened by water, the latter will 
fmm freely through, but the oil more sparingly, and the per- 
meated fluid will contain more water than oiL We may, in 
tlua manner, deprive milk, by frequent filtration, of a largo 
(lottioti of its butter globules. 

If putrid water be filtered through animal charcoal, many 
ftata will be retained by the charcoal, and the filtered water 
irill be alike devoid of odour and taste. 

If bile mixed with alcohol be filtered through animal chni'- 
eoalt the bile-pigment will be retained and the fluid appear 
eolottrJcss after filtration. 

If aqneoQS spirits of wine be inclosed in a bladder, propor- 
tioa>lly more water than alcohol w'dl pass through the walls of 
the membrane, and evaporate, whilst the mixture remaining in 
the bhMldcr will contain a relatively larger quantity of alcohol, 
and a smaller one of water. 

If, on the contrary, we inclose aqueous spirits of wine in a 
flMDtcbouc bag, more of the spirit than of the water will escape 
through the walls, while the fluid remaining in the bog will 
Oi>nlnin propi irlionally more water and less spirit. 

It would Icul us too far, were wc to adduce more examples 
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of this kind; those we have given suffice, however, to show tl 
in runny cases the duid that has passed through a pcrme.ible 
substance has a. different chemical composition from the 
poBsesaed by the fluid from which it was derived. 

I will not here moke any attempt to investigate the prima 
causes of this pheoomenoQ. The result may be explained 
assuming that the permeable substance in some cases chemical!^ 
attntcts and retains, while in others it repels certain kin da 
of matter, preventing th«r entrance into its interBticea. Bot^H 
cases yield to far the same result, that there is either no appea^^ 
ance, or but a partial one, in the permeated fluid of either kind 
of eliminated matter. ^H 

The simplest method of testing this chemical action 0^ 
different substances on various fluids consists in suffering ih^ 
latter to filter, in the manner described in the previous sectic 
through different membranes, and examining if, and to he'd 
great an extent, tJie permeated fluid dift'ers chemically 
what it wad previous to filtration. 

We will consider somewhat more attentively, according 
these general grounds, a few cases in which fluids come in 
tact with permeable partitions. 



iviU 

I 



B. 

One of the simplest cases is, that in which two like fluji 
are separated from each oilier by a permeable partition. If thi 
hydrostatic pressure be equal on both sides no change will 
occur. If, on the other hand, the pressure be stronger on 
one fluid, a certain quantity of this latter will pass over to 
other fluid. This quantity will correspond to the excess 
pressure on the one side, allowing for the resistance opposed 
the pressure by the mechanical capillary force. Here, how- 
ever, we presuppose that the partition exercises no specjfio 
chemical action on the fluid, but suffers it to pass unchang 
The flnal result of the process consists, therefore, simply 
this, that the one fluid gives off" a certain quantity to the oth 
without receiving anything in return; that is, the volume 
the one fluid increases as that of the other corresponding! 
diminishes. 

If, on the contrary, a specific chemical action <if t 
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partition atao come into play, that is, if the permeated fluid 
have a difTerciit property from that on cither side of it, the two 
fluids will be chemically diifercnt, and the caae then becomes 
more involved, ranging itself in a clasa with others which we J 
ahall subsequently consider. J 

9. 1 

Another tolerably simple case presents itself where a fluid | 
m on one side of a partition, and on the other a eubstancsl 
Utncting this fluid without being dissolved in it. 1 

If, lor instRQce, we fill H clay cell, or a glass tube securedJ 
by some animal membrane, &C., with blotting paper, dried! 
qKMigei or with dried animal or vegetable matter, fi brine, 
ODBgulated albumen, resin, mucus, &c, and put it into a , 
t m i i l 611ed with water, the water wilJ penetrate through the j 
psTtition and pass from its imier surface to the substance] 
oboaen for the experiment, causing it to swell. I 

Here, too, the permeation is limited to one side; that is to I 
say, parts of the fluid pass through the partition without the 
6uid itself receiving anything in return. The quantity of fluid 
whicb passes through the partition in a given time depends upon 
the Buperficiee of the latter, and upon the greater or lesser J 
enei^ with which the substance in the interior attracts the 1 
fluid without the partition, and likewise upon the quantity of I 
llut substance. I 

The quality of the permeated fluid depends, O) upon the 
chemical influence of the partition on the given fluid. The 
inocr surface of the partition will only present to the substance 
Uiofliud capable of passing through it: (2) upon the chemical 
imrer of attraction exercised by the substance itself upon the 
iadiTidual constituents of the fluid presented to it by ths| 
partition. 

We may also consider these cases as if a fluid were imbibed 
ypt a permeable subst.ince consisting of layers of diflercnt] 
(ad a partition and inner substance,) and may thuai 
I ootselvea oi' thoni, in order, by a careful chemical investi- 
gatioD of the fluid imbibed, (which may be obtained here in a 
Ur^r quantity.) to decide upon the chemical capillary octiooj 
whicli different substanccd exert upon compound fluids. 
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10. 

The cases are more biTolved where two fluids of different 
character, capable of being mixed) are separated by a permeable 
eubstance. Ilere, owing to the mutual chemical attxactiua 
excrdsed by the constitucnte of the one fluid on tho^ of the 
other, both fluids will strive to become chemically equal, 
(see 1,) and this perfect admixture will always succeed aa the 
final result of their being brought in contact, although in ^M 
shorter or longer period of time and attended by difleren^^ 
BCceBBory drcimistances, whilst the volumes of the two fluida 
may either remain unchanged, or the volume of the one 
crease as that of the other diminishes. 

The only truly practically important point to be traced on 
in the arrangement of all experiments on this subject may 
embraced in the following simple question: JVJiich constihtenlt i 
Vtejliiid A (as well with respect to qualiti/ as quantilr/,) past in a 
ffiven Hme to B, and tckick pass from B to A? When we have 
ascertained this, we know not only what is the chemical coni^H 
position of both fluids after their reciprocal action has continucj^^ 
some time, but likewise the amount of their volumes, by which 
we learn whether the one fluid has taken from or given to the 
other, or whether both have retained their volumes uncbaaged._ 
Conversely, however, this question may be easily answered 
a quantitative chemical investigation of the two fluids wit 
respect to their absolute amounts, and it is much to be 
gretted that the experiments hitherto made upon the so-calle 
Endoaino^is have l>een directed almost exclusively to the in- 
vestigation of the changes occurring in the volumes of both 
fluids, although tliis really only forms one single point of the 
whole process, while little regard has been paid to the quanti^H 
tative changes occurring in fluids. ^1 

The above question can only be answered by an experiment 
for each individual case, and as every single experiment, for 
the reasons already given, yields results which, in spite of the^ 
greatest caution, are not precisely alike in all cases, the answe^^ 
must be sought in many experiments, rather than in a single one. 
In thia respect there is still a great hiatus to be filled up, and 
individual experiments, and even individual iieti- 
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affbnl auct unaatisfactorj rosults, that I omit piving tte 
derived ft^sm a course of observations I pursued with reapect 
to die mixture of eolutioDa of ealt and water, and of various 
m]u in water. 

Certaia general conaide rations may, however, be combined, 
6cn-iog partially to explain the reeults of many experiments, 
and partially to enable ue to determine beforehand some few at 
kaat with an approximation to the truth, 

The cases appertaining to the chemical mode of action of 
tbe partition may be divided into three claaaes. 

i. The partition may exercise no chemical action upon the 
fluids: both permeating the Bubetance freely, and p^ 7. 
llien mixing within it. The chemical composition of 
the duid within the substance of the partition, 
(fig. 7j will then be the simple result of the reci- 
procal chemical action of the two original fluids 
(il and B, fig. ?). The partition takes no other 
part in the mixture tlian by means of the mecha- 
nical capillary force it exercises: considered from 
tki* point of view, the mixture is effected pre- 
(liely aa if both fluids were in one common vessel 
(aee 1 to 3> 

2. The partition may only suffer the constituents of one of 
1^ tbe two fluids to pass through it The fluid within the partition 
k(C, fig> 7,) will then have the same composition as one of the 
Hfluids {c^ Aor B). The result is similar to what was sjKikGn 
Bof at 4, where salt |is brought in contact with oil and water, or 
•a at 9. Only such constituents as are able to penetrate the 

■ partition pass from A to B, but not conversely from B to A. 
3. The partition may admit of the passage of the constituents 
of lx»th fluids, but in imequal proportions. C, therefore, will 
bavc a peculiar composition, different to that which it would 
hare poesee^ed, if A and B were directly mixed. 

The further process is the same in all three cases, and con- 
in C becoming identical with B as well as with A, in ac- 
with the laws that obtain concerning the mixture of 
fluids in oomniOQ vessels, and tliis continues until all parts of 
B, and C are in a state of perfect chemical and raccho- 
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Let T19 oonnder Bomewhat more attentively a few coaes ofl 
tbia kiBd. | 

The moat simple are those that have been spoken of under 
the head 2. C, {fig. 7) = A, is attracted by B; a portion of 
the former will therefore pass over to B, williout, however, any 
part of B conversely pacing to C. What is lost by Cis agun 
supplied by A forcing iuelf in, and this newly acquired portion 
of A passes ag^n to B, until finally ibe whole of the fluid A 
will be conveyed to B. The latter, therefore, has beeafl 
augmented by the wliole uia^a A, and has the sanie composition 
B8 if ^ and B had been immediately mixed, provided always that 
the force with which the partition retains a portion of ^ in Cfl 
be not greater than the force with which this portion ta 
attracted by B. We have not many opportunities of observ- 
ing pure cases of tliis kind in nature: almost all permeable 
partitions of this species contiun lar^e pores through which 
some pt'rtion of B may penetrate, so that instead of all the fluid 
passing to B, a quantity of a mixture of A and B will be found 
in A. Amongst cases of this kind, we may mention the one in 
which water and 8|»irits of wine are separated by an animal mem- 
brane or by a caoutchouc plate, or that in which there is water 
on one aide of the partition, and gum, mucus, or some other 
insoluble animal or vegetable substance on the other. j 

In the cases belonging to the first and third class, C is afl 
mixture of A and B, and will therefore give off constituents ~ 
from A to B as well aa from B to A. It now depends partly 
upon the nature of C, and partly upon the amount of attraction 
reciprocally exercised by the separate constituents of A and B 
on each other, whether more will pass from A to B, or from -B J 
to A, or whether equal quantities will go to both sides; theH 
result will, therefore, differ very much in different cases, and the ~ 
confirmation of ttiis law of transition for different partitions and ^ 
different fluids can only be arrived at by practical experiments. H 

A few laws of this nature may be derived from the 
results yielded by the numerous experiments of Dutrochet. _ 
Thus, for instance, we know, that when concentrated eolutiona f 
of salts, gums, albumen, and other substances, mix by means 
of an animal membrane with water, or with diluted aqueous 
Bolutioua of their own nature, more of the w- ' 
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^Hbe ealt-«oIutioD, and generally &om the diluted to the con- 

^centrated fluids, tban conversely, and consequently as the 

water diminisbee in bulk, the solution will increase. The 

increaae of volume of the concentrated fluid is, however, more 

considernblc in proportion to the dilference in the degree of 

^poocentmtion of the two fluids, fl'hea diatilled water and 

^H very coticentrate<l solution of salt mix through an animal 

^membrane, more water will paea to the salt, tban if the water 

*ad a weaker solution of salt be separated by a membrane of 

like nature. 

^H The contrary is the case with moat aclda wlien not too con- 

^Bentmted; on the'u' minng witli water through an animal 

^Hmnbrane, more of the acid will pass to the water than 

[ MitTereely; the volume of the acid consequently diminisheB. 

Tbe quantities of matter passing in an equal time from A to 
B and from JJ to A, depend (other relations being the same) upon 
the extent of the superficies of tlie partition; tbe larger tliia 
is, tLe more will pass tlirougk it, and conversely. 
I The motion or rest, of the two fluids, exercises also an eeacn- 

tial inilucnce upon the quantity of that which passes in equal 
periods of time- Tliis quantity (otlier relations being tbe same) 
k gpctttcet wiien both fluids are in continued motion {see 3). 
^B The Datiirc of the membrane is of the greatest moment: 
^^Bl influences affecting its chemical and mechanical capillary 
BkireiM^ diminish for the same reason the relations of tiie 
mixture of the fluids that are separated by it. Afost animal 
BembraiiGfl are composed of diflerent layers, which not unfre- 
quently possess different capillary forces; it is not, therefore, 
always a matter of indifference as far as the result Is concerned, 
whctltvr one auperficies of the partition be turned towards the 
one or other of the fluids, and of this we have evidence in tbe 
cxpenmente of Matteucci and Cuna. These circmiistances all 
combine (u make the phenomena exhibited in the mixture of 
•ubstAttces by means of pcnncable partitions very much in- 
red, rendering it extremely difficult to draw any previous 
jlnsions as to what may occur in a certain case. 

a» now endeavour to apply a few of the results obtuucd 
^ proceeses in the human organism. 

ij phenomena in the human body depend exclusively 
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Upon the permeation of fluids tlirough organic |>artitione, whila 
in otlicr phenomena tim process plays a more or leett ioiportaiit 
part. In endeavouring in the following: pftgea prominently to 
bring forward a few exnmplea appertaining to this olaas, my 
principal {dm has been directed to the furtherance of this 
object, which is of the greatest importance to pbyeiQlogj and i 
pathology, urgeotlr recommending the pursuit to others, as w^l 
labour of too exhausting a oature for the cultivation of one >' 
alone. r 

In the first place, it 15 clear, that whatever the body takea^^ 
up from without as a means of nutriment, in the widest sen.»e ^ 
of tht.' word, can only reach the interior of the body by pofising 
through animal membranes in the oondition of a fluid. I do 
not spcok here of the gases, that entering the lungs and the 
external skin, pass thence into the blood-vessels and the inner 
pMTs of the body, but will limit myself especially to the consi-' 
deration of those means of nutriment which enter the stomach 
IB the form of food and drink, and are then dissolved as far 
they were not already fiuid and resorbed. How are we 
regard this resorption? 

Th<.- f^ioil we partake of passes first through the mouth, 
the £kuoc», and the oeai^iluigus. All these parts are covered 
by a thick rjiithclinm, which does not readily yield a passage 
to fluids. In the stomach, howo-er, whose walls permit fluids 
•d pan vamt readily through them, an enet^tic reaction takes 
idtM between its fluid contents and the blood flowing through 
llw gwtrie TOBseU, and tliis process is continued throughout the 
whole Icogthofthc intestinal canal. Thccontent« of the stomach 
are usually much uiore aqueous than the blood; the vnrious kinds 
«f diink, and most articles of fluid food, are naturally eo; and 
eoBeoDtntted food becomee so by being mixed with the aqueous 
mIiv* and gnstric juices As is usually the case where a con- 
CHitnlud duid iximee in contact with one that is more aqueous, 
than M no doubt a larger quantity of the thinner fluid passes 
tflTOUgh the uiembranoiu partition to the concentrated, than 
convenclr. Thus, by degrees, a larger portion of the contenu 
of Uie RtORiach and of the intestinal canal (both water and 
the auhslwjoc it holds in Bolutioii.) i- ■ nvr-v*..! Into 
Tt^etlu »y9l«m than, on the otiicr 
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KdIom to the fluid of Uw ^eetire mnal, ns has been dirtMrtljr 
■ ahown by the experimeots of PoiseuUle. We are elill deficient 
in exact raeenrcbes retpecting tbe sobstancee tluit pnss ^m tlio 
blood-veaeek to the contents of the intestmal canal, but tUoy 
■n probably aalta whb a small qoantity of extractive ninttera 
and eome protean compouniU, which latter arc then converted 
into muciie. What is ofually denominated gastric and intoa- 
tuul mucus ia doubtle^y the equivalent yielded in tlie act 
of digestion by the blood to the coiitcntti of ihc stoinnoh 
and the intestinal canal, but it will, of course, be understood 
that gastric and intestinal mucus may be eecrcted by tlio blood, 
io the manner we ehall subsequently con^der under the houd 
of serretionB, without that fluid receiving nnything in return. 
It ift, however, arranged in the most wonderful manner that 
iImo£t the whole contents of the stomach and iutcHtiiiid ouiiU 
may gradually permeate into the interior of the orgiuiisin, 
without any appreciable quantity of matter on that accoutit 
passing as an equivalent from the blood to the digestive coniU. 
In the first place the acid character of the gnstric juice seetnii 
to be of great importance. Thus, we learn from the cji]mri- 
ments of Dutrochet that acid fluids, cBpecinlly in mixing 
with anolber fluid by means of an animal mombnmo, yichl 
Btoce than they receive from the fluid, nod Uius the ncid 
eharwrter of the contents of the stomach seems to bo precisely 
the means by which resorption is promoted in a simple physical 
nanner. It would be, however, liighly desirable to instiluto 
a eeries of carefully conducted cxi>crimcDtB on tlie prubiiblo 
{aAoence of the acid in the gastric juice on the resorption 
of the chyme. This latter cxhibita its acid proiicrly not only 
m the stomach but also at the entrance of the small intenliiK'n, 
aod retains it through the great portion of the paMiige through 
tL We consequently see that this aid to the resorption of 
UiO chyme is not limited to the stomncli alone. 

^e more two fluids separated by an animal membmno 
diRcr in their degree of concentration, the moro pro|Kirtioniilly 
jill the concentrated take up from the tlunner lluid. Tim 
^HMtge of the nutriment into the blood is, thereforoi ossuntiiilly 
^romotcd by the commingling of other watery juicea, lut, ri)r in- 
^ AO, the bile and the pancreatio fluid, to which nwy bg added. 
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the gratification of the derfrc to drink that ie generally felt booh 
after eating, aod thud contributes to the dilutioo ol' the contents 
of the etomoch. The biJe contains in it«Jf ninoh more water than 
the blood; consisting, on an average, of about 10 per cent, of 
eoliil constituents, while the blood contains more than 20 per cent. 
The lule, however, becomes yet more aqueous in the in 
canal, owing to a portion of its solid constituents (the bilate of 
eoda) being deoompoaed by the acid of the chyme, and separated 
in a partially modified condition as an insoluble substao' 
dyalydn, &c. It contribute?, therefore, esMntially to the 
dilution of the chyme, facilitating its resorption. In lilte 
manner the pancreatic fluid acta, which, although we know 
but little of it£ compo^tion, is. at all erents, much morqfl 
aqueous than the blood (cont^ning about 6 per cent, of solid™ 
constituents). Another means, acting with the same object, 
is the circulation of the blood, the consequence of whidi isifl 
llwt the portion of blood become more dilute by the resorp-" 
tion of aqueous particles from the chyme, is constantly removed , 
and replaced by more concentrated blood. Owing to all thce^j 
relations, an augmented difference is brought about in tlie con- 
centration of the chyme and of the blood, and the largest part of 
the food ia thus conveyed from the intestinal canal directly intflfl 
the blood- veeacls, without an equally large quantity of the 
contents of the latter being transferred to tlic intestinal canal. 
Numerous experiments require, however, still to be carefully 
conducted regarding this point, with special reference to the 
question, whether all constituents of the chyme pass alike 
readily into the blood, or whether there b a difference in thi 
respect. 

In the meantime, notwithstanding these arrangements, am 
especially aft«r partaking of solid or very rich food, a portioi 
of the chyme will often remain in so concentrated a condition 
in the intestinal canal that no part of it can pass into the 
blood-vessels through an interchange of their contents. Special 
provision is made for these cases by means of the cht/le-veMe. 
or laeteals. Whatever may be conjectured concerning the origi 
of these vessels, so much is certain, that they arise from caviti< 

the intestinal villi which do not communicate with the 
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Hpa fnembranoas partition, — mucous mcinbnuie with cpi- 

(fteliuTD. The passage of the contents of the inlestiiial c&nai 

can, therefore, only be effected hy a penetration llirough thia 

/nrtitioii. Here, again, we find different arrangementa tending 

to promote the piiawige. In the first plnce, the chyle-veseela 

after fusting are filled with a fluid, lymph, whicli, although 

le88 concentrated thau the hlood, is more so tlian the chyle, 

nnd, like the blood, draws more from it tlian it yields. This, 

howcTCT, is only a secondary agency, and the chyle-vesHcla 

■tsnd far below the blood-Tessels in the active exercise of this 

fiinctioQ. A eecond, and far more efficient agent, which 

tnasfers the fluid part of the contents of the intestines into 

the diyle-vessclB, and then conveys it further on its course, 

I k of a mechanicttl nature. By the peristaltic action of the 

mtcBtiual canal (the contraction of its muscular coats) so con- 

urlerablc a nieclianlcal pressure is exercised upon its contenis 

Uwt n portion of them (in a fluid condition, of course,) is forced 

^^irough the wttlle of the intestines, and conveyed into the 

^kiiyle-vessels to be i^ain propelled onward. Ae the valves 

^■tf the chrlc-vessels prevent tlie return of the chyle on the 

^WMfttion of the peristaltic motion of the intestinal canal, the 

portion of tlio chyme wluch, owing to its concentration, could 

Bot \mm directly by diffiision into the blood, is, in this manner, 

oircoitously conveyed into the vascular system. It follows, 

therefore, that, on tlie occurrence of deficient or abnormal 

oontraction of the intestinal canal, that the part of digestion 

which depends upon resorption through the chyle-vcseeld must 

•ufler a disturbance. 

The chyle-vessels further aid in the process of ingestion 
by serving for the resorption of fat. Fat docs not mix with 
waler, and as it can cither not at all, or only with diflSculty, 
pHS through membranes moistened by aqueous solutions, it 
eumot penetrate in more tlum a very small quantity from the 
cliyia« into tlic blood-vessels. Fat may, however, penetrate 
hum the intestinal canal into the chyle-vessels, as has been 
•boim hy cxperimculs made on the chyle of animals which 
Imvo be«n killed soon after partaking of fatty food. The 
permeation of fat through the intestinal walls into the chyle- 
is DO doubt effected in the eomc way that oU penetratea 
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through a filter moiateoed with water; thus, in some parts 
of the filter, the water is displaced bj the long contact with 
particles of oil, so that the filter bocomee mturatpd in these 
porl^ and thus forniB, as it were, bridges for the passage of the 
succeeding particles of oil, which are driven over in the same 
maDncr as the aqueous parts of the chyme are forced by mecha- ■ 
nical pressure into the chyle-vessels. Fati therefore, is notM 
dissolved by the action of a. digestive fluid, but the solution is ™ 
cfiected by the heat of the body, and fatty mlxtiures whose 
fufflon-point is above 40° C, are either not at all digested^ 
that is reeorbcd, or only gradually dissolved by the agency 
more fluid fat subsequently taken into the system by fuod.^ 
In the resorption of fatty food, the surface of the intcstina 
canal divides itself, as it were, into two parts, of which ths ' 
one reaorbs aqueous chyle, and the other fat. The digestion ■ 
of fatty food is more slowly effected than that of ocjueousfl 
substances, owing to the time required by tlie fat to force " 
the water out of the walls of the separate villi. The resorption 
of aqueous fluids is rendered more difficult, when fat has been 
partaken of on an empty stomach, as the fat deposits itself 
upon the surface of the intestinal canal, covering it with a 
coat'mg of oil, which hinders the entrance of the water. This 
explains the reason of the inconvenience experienced on par- 
taking copiously of water after eating fatty food, and, in like 
manner, why the effect of intoxicating drinks, as ale, for in- 
stance, may be retarded for some time by taking a few spoons- 
ful of oil on an empty stomacli. 

A physiological consequence derived from the views pre- 
viously given with reference to the resorption of alcohol, is 
worthy of remark. If alcohol be diffused wiili watery fluids 
through animal membranes, only a small portion of the spirit M 
will pass to the water, while a great deal of the latter will 
go over to the spirit. This evidently indicntcs that spirits of 
wine, when taken into the stomach in a higldy concentrated 
condition, can only re4ich tlie blood slowly, and in a diluted 
state. Thus, the spirit cannot possibly retain its usual action 
of coagulating albumen, after it has entered the blood of the 
living organism. 

Is certun cases, the resorption of food and drinks in the 



I 

I 



ENDOSUUSIS. 



I or 



■tatuttl canal is impeded bj the action of medicines. This 
in the case with ealu, for instance, wliich almost all have n 
pni;gmtiTe action, and arises from the fjict, that concentrated 
< aliDe solutions take more firom the fluid of the blood In pass- 
ing through animal mcinltranes, than they yield to it; this 
^ain ha« been directly ahon-n by Poiseuille, although, as in the 
(xe of other poinu, accurately conducted experiments and 
olaervatiuna are still required to determine what are the 8ul>- 
Hsocee that pass fmm the blood into saline solutions, and in what 
rclntiona the exchanges occur. Opium, as is well known, checks 
diurixea; and this phenomenon, according to Poiseuille'e Uivcsti- 
gUaons into the subject, a<lmits of being explained by the changes 
gflbct«d in the capillary forces of the coats of the intestines; thus 
on the addition of opium to a saline solution, which is thoroughly 
diiHuaed with the eenim of the blood by means of an animal 
nembnuic, contrary to what is the case before the opium 
ia added, more of the saline Bolutiou ia attracted than is 
givea off; but here ag^ we must regard further chemical 
ioTcetigBtions as highly desirable. Probably, at some future 
|ioriod, when experiments have been more fully pursued regard- 
ing this point, many other actions of medicinoa upon their 
fwoiption in the intestinal canal will have to be referred to the 
above-named phenomena of diffusion. 

It ia only such constituents of the contents of the intestinal 
taaal as are du»olved which can be resorbcd; all imdissolved 
or insoluble matter passes off with the excrements. This seems 
to be so clear, that I should not have deemed it necessary to 
qteak of it, were it not, that in recent times some physiologists 
have tnmntained the view, that even undissolved aubstanocs 
wight penetrate, when reduced to the condition of the finest 
imrticles, into the (non-existing) open mouths of the chyle- 
vomeU. 

In the occiwional instances where the external skin has 
reorbcd li(|uids by means of baths or frictions, the oaae a 
precisely the same as tn the intestinal canal, only that hero, 
owitig to the greater thickness of the epidermis, the action is 
ten energetic, so that resorption ie principally limited to thoau 
puts, where the epithelium is thinnest; as, for instance, in tho 
DUnieioua glands of the skin. 




108 



EimOSHOSIB. 



We will now consider the processes, in wbicli fluids pofis b; 
difiii^ion from the interior of the organism — proccsseit which are 
usually designated by the term secretion. I will here aguQ 
limit myself to liquids, ae the laws according to which elastii 
fluids are diffused through liquids, as for instance, in the proc< 
of respiration, are still less known. 

One of the simplest of these processes is the transpiration 
the skin, and the secretion of stceat. 

The former evidently arises from the skin, that is to say, thi 
cutis and the under layers of the epidermia, (the so-called re 
malpigliii) being saturated with a fluid, originating from the 
blood, and of wliich a certain quantity, comjKised of water* 
with gases and other volatile constituents, evaporates in the ur^^^ 
whilst the uoD-YolatUe coastitucnta remain. In the formation 
of stceat, we have an opportunity of collecting this flidd in a 
larger quantity, and of examining it to compare its compoaitioa 
with that of the blood, from which it is evidently derived. 
There is, however, this great difference between tlie two, tliat 
sweat is very much more dilute than blood, containing bcsideofl 
the water only a small quantity of salts and extractive matter. 
We must consider somewhat in the following mimner the many 
agents which contribute towards its formation. Its primary^f 
source is the blood, which everywhere in the vascular system ia " 
exposed, owing to the contraction of the lieart, to a. greater 
hydrostatic pressure than the fluid in the cellular tissue, &&^| 
Thus, a certain quantity of the liquor sanguinis passes constantly 
out by means of the walls of the vessels, this quantity correspond- 
ing to the excess of hydrostatic pressure in the vessels over that 
of the external fluids, minus the mechanical capillary force of 
the walls of the vessels. The chemical composition of this fluid 
depends upon the chemical capillary force of the walls of the 
vessels, that is to say, it is changed into a modified form of 
liquor sanguinis. lYlulst this fluid presses to the upper sur- 
face of the sltin into the luniina of the perspiratory glands, it 
must permeate tlirough otlier organic partitions, the tissue of 
the cutis, the walls of the perspiratory glands and their ^j 
epithelium. These, however, act upon it in such a manner aaH 
to cliaoge it; that is to say, they suffer some of its constituents 
to pass more easily than others, owing to which causes the com- 
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pootion of sweat differs considerably from that of the liquor 
mngauiie, from which it is derived. Wo will endeavour to 
follow these relations more thoroughly in several individual 
cues. In the first place, it is evidently of great conBequeiice 
to know Iiow the fluid is composed which escapes from the 
blood through the vascular walU, and which, owing to its 
being diBtributed in every direction where the blood-veascls are 
nullified, I will designate by the name of the general nutrient 
Jbtid. It will he seen at once that its character is dependent 
upon several conditions: 1. On the character of the blood. 
2. On the character of the vascular walls, that is, upon their 
tnechamcal and chemical capillary forces; it is, therefore, pro- 
bable that it may differ in the veins and in the capillary vessels; 
and it is further possible, that different capillary vessels, even 
in tlieir normal condition, admit of the passage of a different 
fluid through their walls, 3. Its character doubtlessly depends 
n|H>n the relatione of pressure in the vascular system, so that 
B vsficolar wall tlint is very much thickened and contracted, will 
admit of the passage of a different fiuid from what is trans- 
mitted through a very relaxed wall. But as the relaxation and 
oontruction of the vascular walls depend upon the nervous 
•jBtem, we perceive the important influence exercised by the 
latter upon the secretion. As yet we unfortunately know but 
little that can he relied upon regarding the influence of oil 
the«e relatione on the character of the permeated fluid, and a 
wide field is thus opened to us in which great and lasting 
eervices may be rendered to science by the earnest pursuit of a 
aeries of carefully conducteil experiments, Fromacom|).'untive 
eonuderation of the composition of different nonnal and patho- 
logical fluids, which may he regarded as more or less changed 
nutrient fluid, as lymph, serum of pus, inflammatory ezu- 
daliona. So:., we learn that the general nutrient fluid forced 
by the hydrostatic pressure of the blood fi-om the capillary 
veasela, contains essentially the some constituents as the liquor 
sangaiDis, although iu a different proportion. It generally con- 
tains more water, somewhat more of extractive matters and 
ealta, but on the other hand, less of the protein comiwunds 
(albumen and fihrin) than the liquor sanguinis. Tlie fluid 
which passes through the walls of the veins (serous dropsy)^ 
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appears to differ from the general nutrient fluid by the absence 
of fibrin. It may alsOi as experieace testiBeS) suffer consider- 
able altemtioDS in its character, either owing to dilatation or 
contraction of the vesBela, or &om changes occurring in the 
blood, but SA yet our knowledge is very deficient on thia 
head. 

Let us now turn from the consideration of the general 
nutrient fluid to that of the formation of tweat Sweat ia 
ultimately derived from this fluid, wluch is far more dilute 
than the liquor sanguinis, containing more salts and extractive 
matterE,and less of the protein compounds, than the latter. Before 
this fluid reaches the perspiratory glands it experiences a second 
filtration through the substance of the cutis, and the walla 
and the epithelium of those glands. The latter retains certain ^ 
constituents of the nutrient fluid (as the protein coropounda, H 
converting them to their own epigencsis and nutrition,) and a ^^ 
portion of the salta; in return they probably give off to the 
permeating fluid a small quantity of matter produced by their 
chemical process of development; as, for instance, extractive 
matters. The sweat consequently differs very considerably 
in its composition from the liquor sanguinis, containing, 
besides water, only a trifling quantity of salts and extractive 
matters. Sweat may assume a different composirion owing 
to pathological causes, partly from the changes thus effected 
in the capillary relations of the blood-vessels (when, conse- 
quently, an abnormal nutrient fluid will be secreted), and 
partly owing to the changes occurring in the capillary relations 
of the skin and the epidermis. There exists a certain similarity 
between the conditions of the formation of sweat and those of 
the different pathological fluids which we observe to make 
their way through the skin, as the contents of blisters produced 
by burns, cantharidcs, pustules, buUie, &c. On removing the 
epidermis, a portion of this fluid is converted into pus, owing 
to the fact that the protein substances wliich, in the norm^ 
condition, contributed to the regeneration of the epidennia, 
are now spontaneously developed into pus-cellg. 

The lachrymal secretion is precisely similar to the formation 
of sweat. Here, too, the secretion, which doubtlessly origi- 
nates from the blood, or the general nutrient fluid, is so 
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modified in Its passage through the walla of the lachrymal 
^ande and their epithelium, as to coDsist almost exclusively 
of water, with a small quantity of ealta and extractive matters. 

BceideiS the mere discharge of fluida from the blood by 
difiuslon, a new agent is added to most secretions. Thus a 
portion of the permeating fluid ia modified by an organo- 
chcmical process, and mixed in this altered form with the 
accretion. Thia is most plainly shown in the secretions of 
the reproductive organs, — in the testicles and ovaries, — where 
thia portion forms the principal mass of the accretions. Thns, 
for instance, in the testicles by the fluid passing into the secret- 
iog canal, and doubtlessly from its protein compounds, organised 
Btnictures, the seminal filaments, or spermatozoa, are deve- 
loped, which, together with the remaining fluid, constitute the 
secretion. 

A very general product of this kind, occurring in almost 

secreting canals, is mucus. It ia formed upon all mucoua 
branes, that is to say, upon all very vascular surfaces 
covered with a thin epithelium. Its origin may probably be 
explained on the hypothesis that the more scanty ceUs of tha 
epithelium do not, like the numerous layers of the epidermis, 
eoDBume the whole protein contents of the secretion in their 
own nutrition, but leave a portion which, combined with 
flklta and alkaline bases, passes onwaids in a modified form; 
oontposing a mucous investment to the secreting canal. Tho 
ootnmon law, as it may be termed, according to which the 
protein substances disappear that had passed during the normal 
Morction from the general nutrient fluid to the secreting canal 
(being either converted into mucus, or applied to purposes 
of nutrition), further explains the fact, which at first sight 
•ppeiirs so paradoxical, that no secretion (with the exception, 
perhaps, of the pancreatic fluid,) contains, in its normal con- 
diUon, ooagulabic albumen, whilst both the blood and the 
nutrient fluid are so rich in this substance. 

Milk alone affords an exception to this rule. It contain'^ 
no albumen, but coaein, which, as Scherer showed, is onls of 
modification of albumen produced by combination with^'vily "'^ 
bMes. The mammary gland exhibits so many poc'iese meta- 
thc character of its accretion, that we will devoon in consc- 
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time to its considcrntioiL In the first place, its aecretion 
highly coucentrated, (containiug, on an average, 15 per cent of 
eotid coDstituents,) and it thus approximates more to the cha- 
racter of the blood, forming a strong contrast to the highly 
dilute secretions of sweat and tears. The walls of this gland 
admit of the {tassoge of the nutrient fluid in a highly concen- 
trated condition, hut exercise such an influence upon it as toj 
convert the albumen into casein, tliat is, hy combining it wit 
ftlkaliee. This, doubtlessly, is first eflected by the action of the 
cells. 

Another peculiarity in this gland consists in its taking upl 
(ut and extracting it from the blood. This action likewieal 
seems lo originate in the glandular cells, where fat Is attracted,! 
and alter being dissolved witbin the cells is liberated, and theaj 
mixes with the milk in the form of globules. Although not 
impofl^hle, it seems very improbable to me that fat should be^ 
first formed in the mammary gland from other substances. 

Other glands, aa the sebaceous glands of the sldn, viz.,] 
those in the axiUie, the glands of the generative organs, and the 
ceruminous glands, Ukewise ix>s3CS3 the property of attracting 
fat from the blood or the nutrient fluid. If once such a glanil^| 
be filled with fat tlie latter substance will, owing to physico-^^ 
chemical grounds, exclude tlie passage of aqueous fluids, and 
the gland will then only take up fat The fatty cellular tj»< I 
flu« in tlie parenchyma of the body appears to have the somaj 
ptvpcrty. 

The talivary gkmds stand at a medial point between tha { 
perspiratory and mucous glands. Their secretion is very 
aqueous, containing scarcely 1 per cent, of soUd constituents, 
nod bemdcs water exhibits only a small quantity of salts and 
extractive matters, the protein comjwunds of the permeating 
uutrieut fluJd being converted into mucus. ^ 

It still remains to be proved whether the sahvary matter ■ 
contained in this secretion had existed in the blood, and been 
ottracted in a perfectly developed form in the glandular cells, or 
&re (iher it is formed within the glands by the chemical action 

The^lls. 
of sweat nrf* of the stomach exhibit many pecuharitics: the 
natea from ttir secretion eo fiir coincides with the saliva 
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coDtiuoa watery fluid with salla and estrnctive matters, while 
the remains of dissolved glnndular cells testiCy to the pirsence 
of protein consumed nnd chnngetl by organization. But the 
juice exhibits the peculiarity of containing a free nfid. 
iier in which this acid is conveyed to it is bo much the 
more difficult to understand, that we do not even well know its 
cliemical character, for as this acid was formerly regarded as 
hydrochloric acid, it has been supposed by more recent invee- 
tigntions to be lactic acid, combined with a little phosphoric 
acid, which latter, however, simply owes its origin to the 
action of the lactic acid upim the alkaline phosphates simul- 
taneously present. By what means is the presence of this free 
acid brought about? The answer to this question is not ea^y, 

»uid many conjectnrea may be hazarded on the subject. The 
Mcid owes, without doubt, its origin to the blood, and the pro- 
Mn of its formation may be owing to the decomposition of 
Rrtiun salt* of the blood, (alkaline lactates or chlorides) by the 
cella of the gastric glands which rettun the acid, whilst the 
alkali returns by diffusion into the blood. As the cells gra- 
I dually become broken up and dissolved, the acid b liberated and 
mixes with the gastric juice. 
The opposite to this occurs in the liver, whose secretion 
euntains s^xla combioed with a weak organic acid, bUic acid. 
TTic processes in the secretion of the bile are not clearly un- 
dcrnlood, principally because we do not know whether the biliary 

^ matter is contained as such in the blood, or whether it is first 
formed in the liver. Either may possibly be the case, and we 
■ty thus with tolerablv crjual grounds of justtftcation oppose 
Id each other two different views concerning the origin of the 
Inle. The constituents of the bile may be contained as such in 
the blood. This appears certain with respect to some of them, 
(>«, for instance, the bile-pigment,) which arc attracted by 
and enter the hepatic cells, nnd by their solution these consti- 1 
tuentA are liberated, and with the fluid which passes from the 
liquor sanguinis by diffusion into the biliary ducts form bile. 
Or we may suppose that the fluid entering the biliary CAnals of 
the liver is first converted into bile bj- the chemical activity of 
the hepatic cells, when, probably, many products of these meta- 
morphosee are returned to the blood by diffusion in conse- 
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quence o! the reciprocal action exercised upon each other b 
Ihe bile and the blood of the hepatic capillariea. 

It still rcmninB for us to consider Me urinary secretion. The 
urine consists in the first place of a very aqueous fluid, com- 
posed fiiniilarly to sweat, of water principally, with some few 
salts and extractive matters, which passes by diffusion from the 
blood into the urinary canals. It contains, however, ailditionally, 
specific substances, ns urea, uric acid, hippuric acid, and thei 
salts, and colouring matter, and these, at least with reference 
to llic quantities in which they occur, are peculiar to the urine. 
These substances are certainly present in the blood, but tlie 
quantity in which we find them here, renders the aesumptioa 
probable that owing to a peculiar power of attraction inherent, 
no (luubt, in the glandular cells of the urinary canals, they are 
attracted by these from the blood into the cells, and thus passed 
into the urine. 

According to the explanations given by Bowman regarding 
the histology of the kidneys, we may represent the matter to| 
onrsclvea somewhat in the following manner. 

lu the malpighian bodies, that ia, in the vascular loops which 
penetrate immediately into the entrance of the urinary canals, 
an nqucnus fluid, holding salts in solution, forces itself through 
the walls of the renal vessels into these tubes. In ita further 
course through these canals, the peculiar constituents of the 
urine, as uric acid, hippuric acid, colouring matter, urea, &c., are 
taken up in large quanlitlca by the cells from the blood, and 
either pass into the urine by the disintegration of these cells, 
(by which they are liberated) or are taken up from the glandu- 
lar cells of the urinary canals by means of the above-mentioned 
watery fluid originating in the malpighian bodies. 

The blood-producing glands, as the spleen, the supra-renal 
capsules, thymus, and thyroid, also manifest peculiar relations. 
Substances occur in them, which passing by difTiision from the 
blood, undergo many modificaliona in the glands themselves, as, 
for instance, by cellular formation, and after being to a certain 
extent modified, are again returned to the blood by difinsiou. 

We may thus, in a great measure, deduce the peculiarities 
of almost all the secretions from physical and chemical relations, 
Rnd there are, therefore, grounds for hoping, that at no very 
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remote period, when organic chemistry shall have made further 
wtruicee, we may leam to know many of these proceeeea in 
their normal and pathological relations. 

The two widely diffused proce^es of the absorption of the 
Dutriment and of secretion are not, however, the only ones in 
the organiem in which diffusion of fluids plays a prominent 
pftTt. They are merely the two visible and extreme members 
of a long series of processes, which are connected together 
Bkc the links of a chain. Everywhere in the interior of the 
body Bunilar phenomena are continually occurring, which, 
however, owing to their mnltifarious forms, and the constant 
fhnngc of the conditions on which they depend, do not admit 
of being pursued in detail, but must be simply sketched iu 
their rough outlines. All portions of the body are saturated 
with this general nutrient fluid, of which we have already 
qmken. The first condition requisite to its secretion is an 
excess of hydroatafic pressure in the blood-vessels, by which 
ft portion of the liquor sitnguinis modified by the mechanical 
mod che-Diical forces of the vascular walls, is forced out of the 
reaaeU. If, on the one hand, the composition of the blood, 
and, on the other, that of the nutrient tiuid, remain unchanged, 
while the mechanical and chemical capillary forcjja of the 
intervening vascular walls are likewise the same ns before, 
both fluids will soon be brought into a condition of equilibrium 
Biul cease to act further npon each other. 

These relations are neverthclesa subject to continual fluc- 
tuations in every part of the body. In the first place, the 
nutrient fluid is constantly changed by the tissues with which 
it ia brought in contact. These are incessantly depriving it 
of «ome of its parts, at the expense of which they increase, 
dcoompoeing others, and contributing new ones — the products 
of their own chemical metamorphoses. Thus, the nutrient 
fluid is ever being ehemicjilly changed, and hence fullows 
oatondly a continual new chemical admixture with tho fluid 
contents of the blood-vesaels. Another t^cnt ever at work in 
alttring tho relations of equilibrium of these fluids in of a 
mechanical nature. The hydrostatic relation of equilibrium 
existing between the liquor sanguinis and the nutrient fluid 
H dependent, on the one band, on tho prcsaure of the blood in 
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the vcsaels, and, on tlie other, on the preseare to which the 
general nutrient tluid ia subjected. As the pressure of the 
blood in the vessels undergoes constant change from the 
6ueiice of the vaM>niotor nerves, occasioning dilatations aii' 
contractions of the vessels, and then again from the alternating 
oontractilc action of the heart, the hydrostatic pressure upon 
the nutrient fluid ia likewise of an alternating fharacter. It 
is continually changed by the local contraction or relaxation of 
the muscles and other contractile tissues, by temporary relaX' 
ations and contractions of the lymphatic vessels, which either 
give a free passage to the nutrient fluid (lymph) flowing iuto 
them by diflusion, or momentarily retain it, and thus increase 
the hydrostatic pressure. Another agent of change is afforded 
by the alternating property of the blood. This fluid, parting 
first with its watery constituents in the organs of secretion, 
becomes, in consequence, more concentrated, and then agsJn, 
taking up water in the intestinal canal, is rendered more dilute; 
the character of its chemical composition being thus liable to 
greater or lesser changes at every moment in every part of the 
body. As now all these agents, that are at one time constant 
and lasting, at another periodically variable, are continually 
changing in their degree of intenaty, a source is opened to the 
motions of diffusion in the fluids of the body, which, sometlmea 
inclined in one direction, sometimes in another, are never at 
rest, and manifest their presence by keeping up that constant 
molecular progression of the fluids which ia essentially necessary 
to the stability of life as the basis and auxiliary of the meta- 
morphosis of matter, but which not unfrequently becomes the 
cause of disease. 

To those already considered we might add other motions 
of difiiiaion, which without being in immediate connection with 
the circulation of the blood and the lymph, occur between the 
various cells, whilst the fluid contained within each individual 
cell constantly modified by chemical metamorphoses, endeavours, 
by changes of its mechanical and hyilroatatical relations, to 
bring itself into a state of equilibrium with the parts surround- 
ing it, in which it is, however, continually disturbed by the 
intervention of new causes. 

These considerations might be carried out much more 
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detuU and wonld adnut of being exemplified by manj illustn- 
tiiRiB, did I not deem it eapeiflnous to enlarge iurtber npon the 
mbject. My mun object was eimply to draw attention to those 
i m pMiant phenomena of the diflPuaion of duids in the body, 
wlutji together with the molecular chemical processea constitute 
the great department of the metamorphoBis of matter, and to 
ancoDnige others to'institute a numerous series of experiments, 
and collect materials in lai^r quantities than we have as yet 
poaeesaed them, in order to enable us to give an exact and 
mathematical bams to our labours in a region of darkness, that 
haa hitherto been solely occupied by vague bypotheus. 
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UPON ISOMUUPHISM. 
By rKOFESBOR Otto, vf Bmmswick. 

l)AT>Lt'»AAC WM ibc firat who made the obeervation that a 
cryvlftl of jti>t»cih-«luin on beiug put into a aolution of am- 
ntoniKHiliiui. cvtitintica to increase without chaoging its form, _ 
kUil tli»l wv may tlKTi-fwrc wvcr this crystal with alternate ^ 
l^jrvn t»l" iho two kin<is of alum without injuring its rcgu- 
iHity ur it» original forin. Bcudont aubsetiucntly found, that _ 
« iiuxwl M.tlutii>H of sul]ilutto of cojiper and sulphate of iron H 
WuuKI nm» crystaK having the form of the latter, but still 
iMiiliuntn}: a otiiiBitk'ntblu ([uimthy of copper. IVlitscherlich 
WW. iK'Wvvcr, the tintt who by means of liis invcetigationB | 
lulo llw ^iryatalUnc t'unna of chemical couipoundai ob^rved 
HU UU^ntity of form In a, sutBoicnt number of eases, to detcr- 
luiuu that ihio wiu the consequence of a eimiliu-ity in compoei- 
Uun. lit) tt-niiwl thin similarity iu crystalline forms isoinor-\ 
^Mw ^ftxuu icot tikt, and fiofi^rj Jorm), and the bodies which] 
HMstiuto one and the sniuu form, he named isumorphoma bodiesa 
'I'tw hiw fivin which this is derived is as tbllows i^from aa < 
mfUui Hi»mb*r i>/' atom*, limilatlt/ combiued, a crystal of like J'orm 
M fumlufni. The cry^udliuu form is dependent ujHtn the! 
ttttmbiM kikI the rflatlvu [Kisition of the atoms, and not upon 
iht^iv ehi.^nnt-ul nattuv. 

We luay i-iwily [wmeive. tliat if this law admit of general 
a)>|>licalion, tho oryHtalliiic form muet give dy im- 
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orUint aid in tlie judgment of the atomic eonstitutioa of chemi- 
cal compounds. For it' equal numberei and like arrangemente of 
thtf atoms produce like crystalline forms, two compounds of 
the B8me crjetallLnc form must have a like atomic constitution. 
The law is not confirmed in its full exient, and it liiia also 
hitherto betu impiie^iblc to follow it through the whole aeries of 
elcmeats, since the cases of comparison are circumscribed by 
the disinclination shown by certain groups of elementa to enter 
ioto combinations, whose ujaipoeition is perfectly similar to 
that of the combinations of other groups. 

In the year 1839, Kopp discovered the connexion of iao- 
mOTphiem and the equivalent volume, (atom- volume,) and 
showed definitively in 1840, {Annal der CJtem. nntl P/iami., 
btl. 36, 8. 1,) that isomorphous bodies have the same equhiuleTit 
voittme, or, in other words, that, in isomorphous bodies, the 
^tecific gravities stand in the same rehttions as the equivalent 
weights. — or that eijiiivalent quantities of liomorphoua bodies Jill 
gm njvalli/ large space. 

Before we proceed to the special consideration of isomorph- 

. bodies, to learn under what limitations we must admit the 

idily of Mitacherlich'a law, and how far the proposition of 

pp is confirmed by experience, it seems to me to be neeea- 

or at any rate advisable, to characterise somewhat more 

Pivninrically those bodies which we name isomorphous, and at 

tlie same time investigate how far they may be distinguished in 

erv'stallimtion from those which are not isomorjthouawith them. 

liis will bo a further elucidation of the previous observations 

of Gay-Lusaac and Bcudant 

If we add chloride of sodium, or chloride of potassium, to an 
IIWOOB solution of nitrate of potash, and evaporate the solu- 
tUl crystallization occurs, the nitrate of potash separates 
chloride of sodium remains in the mother-liquid, Tlie 
I of the crystals of nitrate of potash contains no chloride 
of Bodium; the chloride of sodium, which is very commonly found 
aised with nitrate of potash, arises partly from the mother-liquid 
fiiig on the crystals, and partly because the latter, if of 
considerable size, ore internally hollow, and retain the mother- 
ijd in their cavity. By repeated crystallization the whole of 
: chloride of sodium may be removed, and the crystals left 
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perfectly pure. The same ia the case with rc«i>ect to a solution 
of carbonate of *odi^ to wliicli a little sulphate of soda h»J 
beeu added. It yields on evaporation cryatala of carbonate <>^H 
soda, which contain no eulphate of soda in their solid masa,^ 
but are often rendered impure by this salt in the mother-liquid^^ 
adhering to or occurring between the cryatala; the latter mayj^^ 
however, be obtained perfectly pure by repeated crystallizations. 
The same thing may be observed in a stilulion ol sulpiiute ot 
copper to which persulphate of iron haa been added; on evapo- 
ration it yields crystals of sulphate of copper, wliich can only 
contain a portion of the salt of iron by the adhesion of the 
mother-liquid, in which this salt remains. The copper ealt 
may, by repeated crystallizations, be obtained perfectly free 
from the adherent iron salt. 

We may easily perceive tliat the aepai-alion of salt* tyJ 
frequent eryalallization, depcnda upon the incapacity of uiauyl 
siilta to enter into the crystalline mass of other salts ; thi^l 
operation is, therefore, very frequently had recounfe to in tbel 
puri6cation of salts. The less easily soluble of two salts, or,] 
where the solubility differs but little, the one that is present iuj 
the larger quantity, will first crystallize; and the mother-liquid,] 
which then contains the remaining salt in excess, will, on furtherf 
evai)oration, yield crystals of the latter. 

. It la, however, quite different in other cases. Common aluni, 
the well-known hydrateil double salt of sulphate of pota^i andJ 
sulphate of alumina, readily separates in colourless crystala;| 
the so-called chrome alum, au analogous hydrated double salt,] 
composed of sulphate of potash and sulphate of the oxide o( 
chromium, separatea just a» easily in decidedly violet crystals.] 
On diasolving common alum and chrome alum together inl 
water, the crystals of the former do not separate from those | 
of the latter, but we obtain crystals that exhibit throughout] 
their whole maaa a mixture of common alum and chrome' 
alum, and are of a lighter or darker violet colour in pro- 
portion aa the fm-mer or the latter preponderates in the solu- 
tion. Crystals of every shade of colour may thus be obtained, 
and no separation of the two salts can be effected by repeated 
cryetaUization. A solution of iodide of potassium, to which 
little chloride of potassium hag been added, does not on evuiw 
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ration yield trjeriJe of jture iodide of potiistiiuin, and leave tlie 
chloride of potassium in the motber-1 Squid, but it givea eryatids 
containing iodide of pota^ium nnd uhloride of potussiuni, which 
nre rendered impure by the adhesion or enclosure of the niother- 
b(|uid nrith itu chloride of potneelum, and we are unable to obtain 
by crystallization an iodide of potassium perfectly free from 
chloride of potassium. It has already bceu mentioned, that a 
■ulutioD of sulphate of copper mixed with persulphate of iron, 
l»iU yield only crystals of sidphate of copper on evaporation, 
wliilft the iron salt remains in the inother-litjnid. If, however, 
instrad of persulphate of iron we add sulphate of the protoxide, 
the two salts will not remain separate, crj'stals appearing which 
coaiait), throughout their whole mase, iron as well as copper- 
However frequently we may repeat the crystallization, we shall 
always obtain cryatab of this kind; a seiwiration of the iron 
prutoaalt from the copper salt cannot, therefore, be effected by 
rcrrystallization. If we change the protoxide of iron in the 
ulion into sesquioxide of iron, aa, for instance by the 
of chlorine, we shall obtain by evaporation crystals of 
ralphate of copper, while the iron salt now remains in the 
motltcr-liquid. It is only in this manner, that by recryetalHza- 
tion we can remove the iron from sulphate of copper containing it. 
Solu, and bodies in general, wlueii enter jointly in this 
lOMiner into a crystalline mass, and can occur together In erys- 
tak in the most different proportions, have been termed ieo- 
morphous, because the capacity of crystallizing in common ia to 
be explained by similarity of form. Common alum crystallizes 
ID uctahedra; chroine alum appeal's in the same form; if both, 
therefore, occur in commou in a fluid, particles of the one may 
comhtno in any and in alternate relations with those of tlie 
to form a crystal. This is likewise the case with chloride of 
liimi and iodide of potassium; both salts arc individually 
ted in the same I'orm liy crystallization, and from mixed 
■olutioiuj cubic crystals are produced, consisting of alternating 
|iartick'S of chloride of potassium and iodide of polu&siuni, ns 
Uith have an equal capacity for the process of crystallization. 

Kopp has shown, oe has been already mentioned, that ou 
ihe occurrence of such a combined crystallization, equivnleDt 
qiuulilico or weights of bmlies must fill an equally, or at 





least neaily equally large space. The equivalent of coruhoo 
aluiD is otlSl, iia specific gravity, according to Kopp, is 1-724; 
the equivalent volume is consequently | j ^ =3440. The 
equivalent of chrome alum is 6246, the specific gravity is 1-848; 
and tlie equivalent volume is consequently f^Vs ~ 3380. We 
thus see that the two equivalent volumes arc not absolutely of 
ejjual size. This cannot surprise u^ as neither the equivalent 
weights nor the specific gravities, on which the calculation of 
the equivalent volumes are based, are absolutely whole num- 
bers. Where wi! find a close approximation to an agreement, 
the want of perfect aecordnuce may generally be ascribed to 
the inaccurate determination of the specific gravity. But even 
in differences of the equivalent volumes, which, from their 
greater amount, cannot be referred to the want of exactness ia 
question, there is either a similarity, or at any rate so great a 
resemblance of the forms exhibited, as to show us that we are 
still dealing with isomorphism. If, for instance, the crysuls o: 
compounds ba^'ing nearly the same equivalent volume belong 
to the regular system, the influence exerdsed by the deviation 
m tbe equivalent volume will extend, in like manner, in all 
dimensions, and in all three axes of the crystal, and, conse- 
quently, the form must remain wholly unchanged as the angular 
dimensions continue the same. But if the crystals belong to, 
other systems, the influence ejiokcn of will be extended in a 
different way upon the different axes of the crystal, a change 
of the angukr relations tiking place, and the form not, there- 
fore, remaining absolutely the same. In this case, however, 
we also tenu the bodies isomorphous ; at any rate, the Bii^es- 
tion made of replacing the word iaomorphoue by homdimor- 
phous, (similarly formed,) has not been generally adopted, 

Mitscherlich has ascertained, as already mentioned, that 
like chemical constitution corresponds with the similarity o 
form of isomorphous bodies. 
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CommoD oliim ia ... K B + Al Al S, + Ull 

CliromG utum U...KS 4- CrCrS, + 21H 

The constitution, like the form, is the same. If we considtr 
these formula:, we see tbat the chrome alum reiireseuts on alum 
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Ill wbicli sulpliiile of ulumiDa is replaced by sulpliute of the 
oxide ol" chromium. As this BubHtitution occurs without any 
change of fonn being induced, we are accustomed to consider 
tulpbute uf the oxide of chiumium as isumurphouB with sulphate 
tjf alumina. In these two salts, however, there ia the eanie 
acid, couiiecjucntlj the oxide uf chromium and alumina are alao 
iaomorphous with each other; ur wc may eay that chrome alum 
U an alum in which the alumina ia replaced by the oxide of 
cbrouuum without any change of form. As now the oxide of 
clirumium and alumina have one constituent in common, namely, 
oxygen, chromium and aluminum muet ako be isomorphous; 
or we may finally eay, that chrome alum represents an alum in 
whicli there is chromium in the place of the aluminum of com- 
mon alum. Chloride of [)Dtaseiuin and iodide of potassium are 
uomorphoua, both containing the same metal, potassium; cou- 
aequcntly, chlorine and iodine are iaomorphous. 

In accordance with the view, that isomorphous combina- 
□» proceed from the union of isomoi-jihous conetituenta, which, 
■a nuiy easily be perceived, leads us to the groups of isomor- 
plioufi elements, we define iaomorphous bodies as those which 
^^may replace each other in chemical combinations, of eourae 
^Brbcre tlte weights are equivalent, without any change of 
^^^BD being induced. We say that the oxide of chromium 
^^Bfy replace alumina, in combination, without a change of 
fonn, protoxide of iron may replace protoxide of manga- 
OMe, chromium may replace aluminum, and iron may replace 
maoganeBe. The formula: which are applied to combinadons 
ID which isomorpboUE bodies occur, correspond with this view, 
which, as we shall see below, is not perhaps tlu'oughout 
correct. 

The following is the formida for that spathic iron, which, 
■3 ])rotoxide of iron, also contains protoxide of manga- 
and magnesia. 



Htiuc 



l^ln }C. This formula docs notdesignate a combinationof 1 equiv. 

carbonic acid, 1 equiv. of protoxide of iron, 1 equiv. of pro- 
of manganese, and 1 equiv. of magnesia, but a combina- 
in which there is added to 1 equiv, of carbonic acid 1 equiv. 
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made uji of protoxide of iron, protoxide of manganese, unci 
neeia together. The iiraount of oxygen contMned in these 
different bases is, when token together, 1 eqmv., and we iiio> 

therefore, perhaps, be more correct if we were to wnt»w Mn 

JMg 

The formula for the mixt alum composed of alumina alum 
and chrome alum would, according to this, be as follows: — 



KS 



Ai.y 



S, + 24H, &c 



J 



CrCr, 
As tJie upright bracket occupies a considerable amonitt 
of room in printing, it would be better perhaps to place the 
symbols of Isomorphous bodies alongside, instead of above one 
another, in order to be able to connect them by means of 
horizontal bracket, as for instance, thus: 



K S, AlAICrCr S, 




Fe Rln Mg C; K S, Al AI Cr Cr S, + 24H. 

I wonder that those critics, who suffer nothing to Cflca] 
their attacks, have not animadverted upon the custom: 
mode of writing the formida for the combinations in whicb 
isomorphouB bodies arc contained. They might possibly mun- 
tain that these formulse are quite unwarrantable, especially 
where the word atom is used for equinJent. We dt;tiignatfl 
by the formula Fe O, C O3, a combination which we sup 
consists of 1 at of protoxide of iron and 1 at. of carbonic acid 
FeO 



the formula MnO> C Oj designates, according to the etiii 

MgOj 
meaning, n combination of 1 at. of carbonic acid with alt< 
nating fractions of 1 at. of protoxide of iron, protoxide 
manganese and magnesia, which is evidently at variance with 
the indivisibility of atoms. 

It is, however, clear that this Ibrmula is only an abbre-j 

imFeO, COa 
TiAtion of { nMn O, C 0» in which m, R, and o are alternating 

UMg O. C O, 
(|uantitiee of weights. The above-i"^"*^ iron 
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formed from a 6uid, in which the three iBorrorphoii^ 
Wrhonate of protoxide of iron, earbonate of protoxide 
>r ntangiuicGe, and carbonate of magneBia, are contained, and 
Tystais are thus formed, in which alternating and varioiia 
^quantities of the individual salts enter into combination. If 
wo Bup|K>ae 1000 atoms of the above-named carbonate in an 
inilividual crystal of spathic iron, 700 at. may I>e carbonate 
of protoxide of iron, 200 at. carbonate of protoxide of nmn- 
fifanew, and 100 at, carbonate of magnesia: but at the same 
tune every other kind of relation may occur. On this account, 
therefore, as alrcidy mentioned, we shall most correctly define 
tsomorphous bodies to be euch as, in consequence of a like 
constitution, and on account of like equivalent volumes, possess 
like crjetalline forms, and may also crystallize in common in 
the same form. If we assume the numbers to be large enough, 
wo shall be able to reckon how many equivalents of the one 
lamniirphous salt and how many of the other occur in a mixed 
combination. If the relation be a simple one it is customary 
to express it in the formula. The magnesian spar of Zillerthal, 

Jena, and some places, has the following formula 



f^Ca^ 






**" JCaaMgC, which is intended to show that this cora- 

Hnation is not to be regarded as CaC+MgC, that is to 
My, Ad a double salt of carbonate of Itme and carbonate of 
magnesiu, but as a mixture of isomoqihoiis salts in the relation 
:icatu<I. In the same manner, the magnesian spar of Halle 
tlie Tyrol, of Saberg, and many other places where it is 



W 



found, has the formula 4Ca ^Mg C, containing 3 at. of car- 
bonate of magnesia to 1 at. of carbonate of lime. 



We shall now turn to the special consideration of the most 
^Blinportant and interesting isomorjihous groups, in which an 
^opportunity will often occur of specially developing what has 
Falrrody been given in general outline. 

Titanic acid and binoxide of tin arc isomorphoua, for the 
mor crystallizes as rutilc, the latter as tin-stone, in the 
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HUDL- fiinna of the Second System of cryEtallization". TIi' 
bim>xiiic of tin ia SnOj, titanic aciJ Ti Oj, and, according 
tn Kopp, both combinntioQS have the same equivalent Tolome, 
(Annal. itrr Clii-ni. umi Pharm., Bd. 36, e. 5;) the isomorphisni 
is, therefore, founded here upon like number and grouping of 
the atoms (Mitecherlich's Iftw), and upon like size of the chemi- 
cal atoms of tJie compounds (Kopp's law). As may be seen by 
consulting the tablca of the equivalent volnmca (atom -volumes) 
of the elements, titanium and tin have not the same equivalent 
volume in a free condition, for that of titanium is 56, while 
that of tin is 101; it is, therefore, impossible for 56 c. c o£ 
titanium to replace 101 cc of tin without a change of fb: 
occurring, and hence tin and titanium cannot poBsibly 
isomorphous in an isolated condition, and hence it follow^ 
consequently, tiiat isomorphism of the constituents is not to 
be inferred, or, at any rate, not absolutely, from the isomorphism 






of analogous combinations, — or that the isomorphism of com- 
binations is cither not at all, or not always, based upon tht| 
ieomorphism of the constituents. The isomorphism of binoxide 



• Tlie Sysloms of CryBlntliiation will bo referred lo by their nuroben, whicli, 
wilh Ibcir sjnonjTiiEs, ure an follows : — 

1. Tlie First System, or Regular Bjrstem.clmraclerixed by tbrceiLus wlilch 
arc aimilar luid at rigbt sngles to each oilier. The regular ajEl«in of VT^bl 
The octalietint q^^tem of Miller. 

2. The Soconii System, characterized by three perpendicular ftxes, Irat of 
which two only are similar. Tlie I n-o-nnd .01100x18 system (4*inein bored) of 
Weisi. Tlio pyrftraidal system of Millcr- 

3. The Third System, clmraeteriKcd by /our axes, of which thre«»iiulsr 
Me phiced in the snme plane and cut each other at angles of 60^; the fourth 
luii is different, mid slauda perpendicular lo tlie place of the other three.. The 
three-and-on»-ai[it system (6-inembered) of Weiss. The rhombohcdnl ■rstem 
of Miller. 

<. The Foorth System, characterized by three axes which are unlike, but 
perpendicular to each other oilier. The one-and-one-uis system (a^aod-S- 
mcmbered) of Weiss. The prismatic lystem of Miller. 

6. The Fifth System, characterized by Ibrco unlike axes; Iwoofvhich 
are obliqtie to each otlier, but the third is perpeudicular to the plane of ll.o 
other two. The tiro-aiid-oiio*moinbered system of Weiss. The oblique prl»- 
inatic ^tem of Milter. 

ft. The Sixth System, cliamclerized by llireo unlike axes which ore all 
oblique to each other. The ono-and-otie-membered system of Weiss. Tlie 
doubly obliqae prismatic system of Miller. I^« Ihe Frinciptei afCtfttailoffrafA],, 
by V. BegnuiV.) — En. 
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^f tin mkI titanic acid can, therefore, only occur where, in one 
or otiicr of the two combinations, either the oxygen or the 
metal is contained with some other than the original equivalent 
Toiamc 

According to the table (page 14), titanic acid contains oxygen 
with the equivalent volume 32, whilst tlic binoxide of tin con- 
tains oxygen with the equivalent volume 16, if we assume the 
netal to be contained in it with ita original equivalent volume. 
The equivalent volume of titanium ia expanded 1^ timea in 
titanic acid, if, as in the case of binoxide of tin, we assume the 
oxygen to be contained with the equivalent volume 16, 

Alumina (corundum), seequioxide of iron {ologistic iron), 
and oxide of chromium, are isomorphous; they crystallize in 
|the Third System. The composition of these oxides is per- 

Jy analogous, corresponding to the formula R^Oj; their 
equivalent volumes are of equal size (Kopp, page 5), or only 
present such diflerencea as may be explained on the want of 
perfect identity of form. For instance, the same angle measures 
W° 58' in ologiatic iron, and 86° 6' in corundum. (See above, 
and also further on.) Here, too, the isomorphism of the comln- 
naliflna is not based upon the isoniorplusm of the constituents, 
for the equivalent volume of iron is 45, while that of chromium 
i« 64, (page 4;) the isomorphism is therefore dependent upon 
the oxygen entering into sesquioxlde of iron with the equi- 
Talcnt volume 32, and into oxide of chromium with that of 
16; the equivalent volume of aesquioxidc of iron is, therefore, 
2x40 + 3x32=186, that of oxide of chromium is 2x64 + 3 
X 16^176. With ologistic iron, ilmcnite (titanic iron) la 
iiOiDorphous. According to Mosander, the latter may lie 
OOBsidercd as a titaimte of the protoxide of iron (Fc O, Ti O.^); 
whrnoe seefjuioxide of iron and titanate of protoxide of iron, 
although two combinations of totally dift'orent constitution, 
but of like number of atoms, arc isomorphous, and wc might 
Conclude tiiat isomorphism requires no similarity of conatihi- 
lion, but only equality In the number of the atoms, lime- 
lite may, however, also be regarded as sesquioxide of iron, 

which I equivalent uf iron is replaced by 1 equivalent of 
Itanium. If, then, we write the formula for scequioxido of 
TOO as Fe + Fe + 30, and that for ilraenite aa Fe + Ti + 30, 
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ihe Uoiuorphism is based upon similarity of constitution*. The 
equivalent volume of ilmemte is likewise nearly equal to that 
of scsquioxjde of iron. In the same manner, however, as the 
equivalent volume of chromium deviates from that of iron, 
60 also does that of titanium; for that of iron is 45, and that 
of titanium 56, and consequently titanium and iron are ae 
little isomorphouB in an isolated condition as chromium and 
iron. The equivalent volume of seequioside of iron is, as stated 
ftbove, 186, that of the combination, Fe Ti O3, amounts, in lite 
manner, to 45 + 56 + 96=197, consequently so nearly equal to 
tliat of sesquioxide of iron that isomorphism may occiu". 

Kopp is of opinion that bodies which are not themsclveB: 
isomorphous with others, may together yield isomorplious com- 
binations, without any cbiingc occurring in tbeir equivalent 
volume; tliat is, when they form the preponderating quantityi 
and where the deviation of the equivalent volume does no 
exercise any disturbing influence upon the isomorphism. 

Oxide of antimony, Sb O,, and arsenious acid. As O,, whict^ 
are dimorphous, being both capable of crystallising in the Fir 
and Fourth Systems, are isomorphous in both forms. The 
isoniorphism of these two combinations boa long remained nn-* 
detected, owing to their dimorphism, notwithstanding that it 
was conjectured from the similarity of their composition and^j 
of their chemical relation. Previous to thrar dimorphism heln^H 
discovered, there was only the regidar form known for arsenious 
acid, while, in the case of the oxide of antimony, the lorm of^^ 
the Fourth system was known, contrary to what was the cas^H 
with the arsenious acid, and thus it was naturally believed that" 
arsenious acid crystallized in the First System, and that oxide, 
of antimony, which is so similar to the former in diemicn 
relations, crystallized quite differently, namely, in the FourlJ 
System. Their dimorphism lias led to the discovery of theii 
isomorphism. Tlic equivalent volume of the two combinntiona 
is equally large, that of the oxide of antimony, is, for instance 
?5?^| = .144. That of arsenious acid -^ -'' = 334 : the equi-i 



• A scequiciide of lilaiiium, TijO,, lias lalelj been fo^ra<^d, wliicli e»[«- 
blichcs a dilTercnl coaclusion, tlial ilmenite ia a mirlure of two iaoniorplioua, 
usides, TijOj and Fe.Or— Eo. 
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that of araenic 



Tolame of antimony is, however, £ 

so that the two metala cannot be isomorphous in an 
laolstcd condition, provided dunorphiam, and different allotropic 
caoditions with which we are aa yet unacquainted, do not 



I^Kcur, 






It is worthy of remark that the equivalent volume of 
•ntimony is exactly 1-1 times that of arsenic. 

If. therefore, we suppose the antimony to be contained 
th« oxide of antimony, and the oxygen, with the respective 
equivalent volumes of 240 and 32 without condensation or 
exinneion (page 14), we may assume that the arsenic is 
eontaiaed in the arsenious acid with 1^ times its original 
equivalent volume. 

A? araenious acid and the oxide of antimony, bo the cor- 
responding sulphur compoundii of arsenic and antimony) 
arpiment. As S3, and common antimony ore, Sb S3, are like- 
wiac isomorphou?, as both occur in forms of the Fourth System. 
The equivalent volume of both is equally great. The coinbi- 
BBtJons of both sulphides with sulphide of silver, the light 
red silver ore, SAgS + AsSj, and the dark red silver ore, 
SAgS + SbSj, crystallize in the same rhombohedra; in like 
manner, arsenic-fahlerze and antimony-fahlerze are iaomor- 
pfiou^, and have the same equivalent volume. 

Arsenide of nickel (Kupfer-nickel), Nij As, and antimo- 
nide of nickel, Ni, Sb, two combinations in which arsenic 
>Dd antimony are to be regarded as negative constituents, 
Are likewise iaomorphous In forms of the Third System. 
'olphide of nickel (Haarkies), Ni S, or Ni, S31 has the same 
OFRi as these, a combination of different chemical constitu- 
tion, and consisting of 2 equivalents of nickel and 2 equiv. 
of sulphur. Whilst arsenide and antimonide of nickel con- 
jtain I cquiv. of arsenic and antimony to 2 equiv. of nickel. 
e shall become acquainted with other examples, in which 
Rtnilarity of form occurs with great difference of the gene- 
TtUy aseumed chemical constitution. Here we must either 
rooogniae an isomorphism without reference to similarity 
of fono. or we must grant that the law of Mitschcrlich i« 
not ^nerally applicable, or we must finally endeavour to 
bankonise the constitution with this law. If we hold to the 
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equivalents of arsenic, antimony, and sulphur, and apeak 
isoniorpfai^oi between areenide, antinioni<le, and eulpbide 
nickel, we must afsume that 2 equiv. of sulphur in the sulphide 
of nickel are isomorphoua with 1 equiv. of antimony and 
areenic in the nntimonide of nickeJ, and arsenide of niclLeL i 
If, however, we divide the equivalent of artcnie and antimonjfl 
into two atoms, as the epeci&c heat of these metals demands, 
and as the volume- theory requires according to Berzelius, we 
obtain for arsenide of nickel and antimonide of nickel iheB 
formula; Ni As and Ni Sb, which perfectly correspond with 
the formula for sulphide of nickel, Ni S, A division of the 
equivalents of arsenic and antimony into two atoms may 
indeed be based upon the isomorphism of arsenide of aicke 
antimonide of nickel, and sulphide of nickcL 

If we compute the equivalent volumes of the three 
binations according to this last formula, we find that areenide" 
of nickel and sulphide of nickel have nearly the same equi- 
valent volume, but that the equi^-alent volume of arsenide 
of nickel is nearly 1^ times greater. Kopp'a law, conse- 
quently, does not allow of the isomorphism of the three cont-j 
binations. 

Iron pyrites, Fe Sj, and arsenical or epeiss-cobalt, Co 
crystallizo in the same hemiedric forms of the First Syetem,^ 
and what hae alrea»ly been eaid applies also to these, for iron and 
cobalt have the same equivalent volume, and are, therefore, 
certtunly isomorphous. We must, consequently, either assumsj 
that Sj is isomorphous with As, or change the formula Co 
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into Co Asj, in order to establish the similarity of conetttutio; 
Here, too, isomorphism cannot be explained by similarity 
the equivalent volumes, for the equivalent volume of cobalt 
blende is almost exactly Ig rimes greater than that of ironfl 
pyrites. A similar form to that of the above-named com- 
pounds is presented by cobalt blende, C<)Sj + CoAsj, nickel 
blende, NiS, + NiAs^ and even by nickel-antimony blende, 
NiSj + NiSbj, Cobalt blende and nickel blende have the 
same equivalent volume; the equivalent volume of the nickel- 
antimony blende is, however, only about ^ aa large, namely, 

the same as that of speiss-cohalt. This is, as h -'ated, 

Co Abj; if, therefore, we write the fom"'' 
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lendc thus, KiiSjiSb,, both have a like form, n like equi- 
Icnt volume, and a like conatitntion. Aa cobalt blende, 
S^+CoAsgi 19 isomorphoufl with sulphide of iroB, FeSj, 
ig as pyrites, we might ofieume that araemcal pyrites, 
FeSj + FeAsj, would be isomorphoua with cobalt blende. 
Such, however, is not the case, but arsenical pyritea ie bomor- 
phous with that second form of the bisulphide of iron, with 
white pyritea (SperkieB,) having an equivalent volume approjci- 
_matiiig to that of the latter. (Sec Rammelsberg, Lehrbuch der 
^^btockimnetrie, page 241.) 

^V Sulphide of lead, Pb S, and aelenide of lead, Pb Se, are 
"womorphoue, crystallizing in forma of the First System. 
With the same constitution they have also the eame equivalent 
volume. It ia probable that sulphur and selenium have also 
the aame equivalent volume in an isolated condition, for as 
selenium can only with great diflSculty be obtained free from 
porosities, the specific gravity ia probably found somewhat 
L^oo low. The same, perhaps, holds good for tellurium, which, 
^^pi a chemical point of view, stands together with sulphui' and 
eelcoium. 

Many other metallic sulphides, composed according to the 
formuU B S, appear in forms of the regular system, as, for in- 
stance, sulphide of zinc, Zn S, zinc blende and aidphide of silver, 
A^ S. Docs isomorphism occur here amongst themselves and 
with sulphide of lead? The form is the same, and the constitut- 
tion we also assume to be tbe same, why, therefore, should we 
not call it isomorphism? The equivalent volume of the sulphide 
^ef silver ia nearly the same as that of sulphide of lead, that 
^Hr sulphide of zinc differs considerably from both, but this 
^aifference of the equivalent volume does not exercise the same 
ioflueoce upon cryatala appertaining to the regular systems, 
as to those belonging to the other systems. On the other 
hand, we must observe that lead, silver, and zinc are not 
approximated by any other cases of isomorphism, and that even 
if ftilver And lead show some resemblance in a chemical cha- 
racter, zinc differs very much from them in this respect. 
iWe have already mentioned that the substitution in different 
laU for each other is a main characteristic of isomorphoua 
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that sulphide of zinc and eulphide 



M 

am J 
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bodies, but I am not aware that sulphide ot zinc 
of lead, or eulphide of zinc aod sulphide of silver, can enter 
indifferently into the siuue crystaL It ia llkewiee uncertain 1 
whether the silver obtained from galena existe as sulplude 
silver in the maes of its crystals, or whether it originates froi 
other commingled combinations containing sulphide of tdlverj 
We must also ohecrvc here, that the occurrence of forma 
appertaining to the regular system is not sufficient to esta- 
blieh isomorphism, since bodies, which are evidently of ^differeni 
composition, and of which there can be no idea of isomor 
phism — if we do not adhere to the mere verbal meaning 
the term — occur in such forms; chloride of sodium cryatal-J 
lizes, like galena, in cubes ; diamond, magnetic iron, and alum 
crystallize in octahedrons, phosphorus and garnet in the garnet^ 
dodekahedron. ^M 

Even in other systems, although more rarely, we meet with 
the eiune form combined with a very decidedly diii'ereut con>^_ 
slttution, so that even here, with identity of form, we mus^| 
not speak of isomorphism without some limitation. 

The natural disulphide of copper, CujS, (copper blende) 
crystallizes in a form of the Fourth System. On ita beii 
fused, or on fusing large masses of copper and sulphur, 
obtain octahednd, consequently regular crystals of disulphide 
of copper. (G. Rose, Mitscherlich. ) Disulphide of copper, 
CujS, is consequently dimorphous. As the natural sulpbid 
of silver, Ag S, likewise occurs in forms of the regular eya 
tem, and as, according to Bccquerel, artificial sulphide 
silver is also obtained in octahedrons, wc may say that Cuji 
and Ag S are isomorphous. The circumstance that silver . 
copper blende combined, Cu^S+AgS, occurs in the form 
of copper blende, is in favour of the bomoqthism of both auljH 
phidcs. ^^ 

It is, however, most certainly proved, according to H. Rose, 
that Cu^ S and Ag S replace each other in alternating retail 
tiona in Polybasite. We must now either admit that unde^^ 
some circumstances Cu^ is isomorphous with Ag in combi- 
nation, or we must divide the equivalent of silver into 2 atoni^H 
as ia required by the specific heat of the silver. If we carrj^ 
out this division, copper blende and ii\"~ "1 have a 
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like Ktoiuic conetitutioQ, the former \a Cuj S, ihe latter Agg S. 
Tli« equivalent volumes of both combinations differ very much 
in other respects from each other. We ehall subsequently see 
vbftt are the results from the division of the equivalent of 
eilver into 2 atoms. 

Isomorphism may he best observed in snlta, owing to their 
peculiar tendency to form crystals. We shall very much faci- 
litkte our view of combinations in these classea if we place 
together those cui^cs of isomorphit^m in which the halogen (dolt- 
nidical), or the acid is dilferent, and then those in which the 
metal or the base are different. 

The salts of tiuigslic acid are iaomorphous with the analo- 
gous molyhdates. Thus, mulyhdate of lead (yellow lead earth) 
and tungstate of lead occur in similar forms of the Second 
Syaiem. The constitution of these salts is the same, for 
inrtnnce, the formula of tungetic acid is W0O3, that of 
molybdic acid Mo O3. 

Sulphates, selcniates, chroniates, and manganatcs of the 
same base, form well-marked groups of iaomorphous salts. 
The analogous salts of these acids, which all contain 3 
atoms of oxygen to I atom of the posillve constituent, are 
isomiTplious, when free from water, or when they contain 
an equal number of atoms of water of crystallization. Thus, 
neutral sulphate of potash and cliromatc of potash, which are 
both anhydrous, crystallize in the same form of the Fourth 
Syelem. 

The same applies to anhydrous and hydrated sulphate and 
eel«ninte of soda, and to anhydrous sulphate and seleniate of 
rilver. The acid sulphate of potash (KO, SO3 + HO, SOj) 
has the same form as the corresponding seleniate. Isomurphisui 
uxtvnds also to the double salts; thus, for instance, the ammo- 
niacal sulphate, seleniate, and chromatc of diver, have the 
•amcform. (AgO, SOj + S N H^. &e.) 

The equivalent volume of sulphate of potash is ^^§§ =409, 

Um: equivalent volume of chromate of potash la - ^}j ~=45l; 

the two salts have therefore only an approximatively equal 

equivalent volume. As the angular relations of their erj-stala 

» not exactly equal but merely approsiniatively bo, the 

I. Btrictly speaking, are not iaomorphous, but homcemor- 
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phous. Pig. 1 exhibits n priam frequently met with in tteac 
Fig. I. Baits. According to Mitscherlich {Pog^- 

Annal., Bd. 18, s. 168), the inclination of 
two of its faces is aa follows: 

In sulphfttG of potash ^g : jg 113° 2^ 
„ cbroniale „ jg : ig 111° 10' 

90 that the greater equivalent volume cor 
resi>onds to the smaller angle of uicUniiUon.| 
In seleniate of potash this angle amount 
to 111° 48' S", in sulphate of ammooia 
111° 15'. 
Johneton has observed that chromate of lead ie dimorphous 
and isomorphoua in its least frequent forma with molybdate ' 
of lead. This establishes an affinity between molybdic, chro- 
mic, sulphuric, and other analogous acids. ^M 

The salts of phosphoric and arsenic acids constitute another 
well defined isomorphous group. For every arseniate there 
is ft phosphate, corresponding, with respect to its compositioD,fl 
with the former, and having the same form. Thus, ordinary 
arseniate and phosphate of aoda exhibit a like crystalline form, 
and have also a similar composition (Graham's C/iemistry)^^ 
each of the salts contains 2 equivalents of soda and 1 equiv. 
of water as bases, with 1 equiv. of acid and 24 equiv. of water 
of crystallization. With a different quantity of water of cry»-( 
talltzation, namely, with 14 equiv., the form of this salt i»| 
quite thffcrent, but it is again the same in both. The so-caUed| 
acid salts of these acids, which, for 1 equiv. of soda andl 
2 equiv. of water as bases, contain 1 eq. of acid and 2 of 
water of crystallization, have the same form. Phosphate and . 
arseniate of lead, which are likewise isomorphous, replace each] 
other in alternating and undetermined relations in the native 
arseniates and phosphates of lead. 

Wc do not know whether phosphoric and arsenic acids areJ 
themselves isomorphous; both are known aa anhydrous in an 
amorphous condition only. Phosphorus and arsenic, however, are 
not isomorphous; the former crystallizes regularly, the latter I 
according to the Third System, and the equivalent volumes 1 
are different. It is possible, however, th-' lorphism 
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iMH^j^i concealed by dimorphiem, and that the phoephorua 
pBMBMCL a different form in difiercnt allotropic conditions. 
Chlorine, bromine, and iodine have the same equivalent 
Tolume, and their analogous combinations ore isomorphoue. 
Thufl the chlorides are isoniorphous with the iodides and bro- 
mides, the chlorides with the iodates and bromates, and the 
perchlorates with the periodates. All these combinations cor- 
respond exactly with respect to their eompoeition. Iodic acid 
sod broniic acid contain, like chloric acid, 5 equiv. of oxygen to 
1 equjv. of the halogen ; periodic acid conttuns, like perchloric 
acid, 7 equiv. of oxygen to 1 equiv. of halogen. Cyanogen 
and fluorine apjienr also to belong to this group ; cyanogen baa 
the eame equivalent volume as chlorine, &c. (p. 4.) The 
cyanides and fluorides have the same form ns the chlorides, and 
in the case ui' chloride and fluoride of calcium replace each 

CaF 



other in alternating relations: 



CaCl 



+ 3 Ca O, P O.. The 



permanganatea are isomorphous with the perchlorates; thus 
permanganate of potaeli and percblorate of potash may be sub- 
atituted for each other in crystals like other isomoiphous bodicct 
Perchloric acid, however, contains 1 equiv. of chlorine to 7 
tqniv, of oxygen, whilst 2 equiv. of manganese occur together 
with 7 equiv. of oxygen in permanganic acid, and we must 
therefore assume, that 2 equiv. of manganese can replace 1 
eqniv. of chlorine, without producing any change of form, or, 
■a we are accustomed to say, that 2 equiv. of manganese in the 
permanganates are isomorphous with 1 equiv. of chlorine in the 
perchlorates. The isomorphism of the percblorate and pcrman- 
gizttte of jiotash is regarded by Bcrzeliua as the most decided 
naMD for the division into two parts of the equivalent of cblo- 
riBe, and consequently also of bromine, iodine, &c, a division 
which, &B we know, is also required by the volume theory, and 
which corresponds best with the specific heat of chlorine. IJer- 
Mliua expresses himself decidedly, that it is undoubted tliat 
(icniuuiganic acid consists of 2 atoms of manganese and 7 atoms 
of oxygen: as now percblorate of potash is isomorphous with 
penttBQgaQatc of potash, it follows that perchloric acid must 
cuuifit of 2 atoms of chlorine and 7 atoms of oxygen analogous 
*> permanganic acid. In the same manner hypocblorous acid 
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con&ista of 2 atoiDs of the radical and 1 atom of oxygeo. Hence 
it further follows, continues Berzeliiis, that if hypochlorous acid 
be formed of 2 vols, of chlorine gas and 1 vol. of oxygen ga'*, 
theee two gases must, with the same volume, contain an equal l 
number of atoms; while he further derives the division of thel 
hydrogen equivalents into 2 atoms from the substitution ofl 
hydrogen by means of chlorine, volume for volume, io organic] 
combinations. 

If we divide the equivalent of chlorine into 2 atoms, we i 
can explain the Isomorphism existing between perchlorate of^| 
potash and permanganate of potash, by the similarity of tlie che- 
mical constitution of the sails, that Is, by their consisting of an 
equal number of tiimilarly grouped atoms, corresjiondlng to ths.^^ 
law established by Mitscherlich ( K O, Mn, O, and K O, "CI, O,.) ™ 
We have, however, already seen many cases, and will have occa- i 
uon to observe many more, to which this law cannot be applicd^^ 
in its full force. I fiilly admit the value which isomorphism 
has for the determination of constitution within certain groups 
of combinations, but if we are to admit that 1 atom of silver 
in sulphide of silver (Ag S) has the same value in an isomo- 
phous relation aa 2 atoms of copper in disulphide of coppe 
(Cug S), when we see that 1 atom of magnesia, protoxide o: 
iron, &c., may be replaced without any change of form by 3 
atoms of water, (see further on,) and that ammonium, a group 
of 5 equivalents (H^ N), may lake the place of 1 equivalent of^| 
potassium, it is not difficult to assume, that 2 atoms of manga- 
nese and 1 atom of chlorine may mutually replace each other in 
the above-named combination without any change in form. 
Berzelius, in the last edition of his Manual, has set down the 
atomic weight of ammonium as equal to its equivalent weight 
("Hg'Nj), whilst previously the equivalent of ammonium was 
made to consist of 2 atoms ("H^ '''N). It would certainly be 
very striking to halve the equivalent of chlorine on account of 
its tsomorphous relations, and not carry out this division in the 
equivalent of potassium, which is as urgently demanded, if 1 
atom of ammonium be set down as = "H, 'N. It may further 
be urged ugainst the division of the equivalent of chlorine into 
2 atoms, that dicldoride of copper (Cuj CI) is isomorphoua 
with dinoxide of copper (Cu.jO), but as ' ' -^mbinations 
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ixcat in forms ni'jicrtainiiig to the regular ayfitem, we lay litlle 
siri!5 upon th'iH isomorphism. 

iMitiiriqihoua groujia of salts, whoae ocida are the same, but 
their bases ditlurent, ore atiU more frequent than the above- 
enumerated isomorphous groups of saltB, with like base and dif- 
ferent acid^. A very remarkable group of this kind is formed 
by those carbonates which are comprised in mineralogy under 
llie Dame of spars; — 



IroD-Hpor,... 

Talc-Bpar.... 
Ziac-spar 



Fe 0,C0, 
MgO.CO, 
Zu O, CO, 



yig. a. 




CnIc-«[Ku- Cb O, Co, 

Dolomite Tca^o l'^"' 

Alangauese-apar MaO, Co^ 

The fundamental form of all these 
ru\U is a rhomboid, (Gg. 2,) and their 
bases replace caeh other in the moat 
rarioue relations in the crystals. Thus 
spathic iron almost always contains 
carbonate of protoxide of manganese 
and carbonate of magnesia; manganese ' 
spar contains carbonate of the protoxide 
of iron, carbonate of magnesia, and car- 
Iwnate of lime; the zinc #par, carbonate of the protoxide of iron, 
4c Ab, however, a perfectly exact agreement of form does 
not occur in sulphate, chromate, and seleniate of potash, eo 
llicro are likewise differences that deserve notice, with regard to 
the angular relations of the principal rhomboid in these different 
mlta; the angle of inclination nt ihc extreme edgca of this 
rhomboid varying from 105° 5' to 107° 40'. The following 
table ehowB that this difference of form stands id the closest 
connection with the difference of the equivalent volume: — 

c«c 

^'^ic .... 
IMgf 

MnC ... 

Pe C ..„ 

MgC 

Zn C .... 



Fqllif. 


^{im:- Gray, 


Eqiiii. Vol- 




025 


272 


330 


105° fi* 


070 


stu 


301 


100° la' 


7» 


s-ta 


200 


IW 61* 


SSB 


sat 


IBB 


107^ & 


G.t.-| 


300 


178 


107° »' 


781 


4-44 


17« 


107° ^0' 



138 



tSOHORFHlSM. 



We see that the size of the equivalent volume tMrreepoads 
to the emalliiess of the solid angle. Kopp has given a formuhi 
for this relation of the equivalent volumes to the solid angle, 
{Annal. der Chemie and Pkarm., Bd. 36, s. 15,) and Rammel»- 
bcrg draws attention to the fact, that in dolomite, which may 
be looked upon as a combination of -g an equivalent of carbo- 
nate of lime, (calc-apar,) and -f an equivalent of carbonate ol 
mague^a (talc-spar), and its equivalent volume, therefore, 
the arithmetical mean of the equivalent volumes of these 
two constituents, the size of the angle in question is also the 
exact arithmetical mean of their size in calc-epar and talc-spar, 
105° 5'+ 107° 25 



I— 

1 



namely. 



= 106° 15'. 



If the diminution of the angle of the terminal edges of the', 
rhombohedroQ be really dependent upon the augmentation of ] 
the equivalent volume, this angle will not only become smaller, ! 
if one constituent is replaced in the ciystala by another of] 
larger equivalent volume, as, for instance, carbonate of mag- 
nesia by carbonate of lime, but it will also become smaller if 
an increase of the equivalent volume be produced by any 
other means. This may happen by the crystals being heated, 
since by the action of heat the density is lUminislied, and 
the equivalent volume is increased. Mitscherlich has long 
since shown that heat exercised the influence in question 
upon the angle of this crystal. Crystals belonging to the 
regular system are equally expanded in all dimensions, the an- 
guLir relations remain, therefore, the same, notwithetanding 
that the equivalent volume is increased in size. The same 
must, consequently, also be the case when, in crystals of thia 
kind, constituents which are not of absolutely equal equivalent 
volume replace each other. 

The sails of baryta, strontia, and lead of the same acids 
form well-marked isomorphous groups. Sulphate of baryta 
(heavy spar), sulphate of strontia (cclestine), sulphate of lead, 
crystallize in the same form of the Fourth System. Caiv 
bunate of baryta (witherite), carbonate of strontia (stron- 
tianjte), and carbonate of lead (white lead ore), have likewise 
the same crystalline form, belonging also to the Fourth 
System, but diflcring in each. The anhydrous nitrates of 
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(Iiese baae^, and tlie bromatea with 1 equiv. of water, are like- 
wise isomorphous. 

The group of the carbonates of these bases is allied^ in an in- 
teresting manner, with the preceding group, namely by dimor- 
I>hism of some of the members. Carbonate of lime, as arra- 
gonite, has, for instance, exactly the same form oe the carbo- 
nates of baryta, etrontia, and lead, and ia, consequently, 
iaomorphous with them; on this account we often find a portion 
of the lime replaced in ammonite by strontia, or even by 
oxide of lead. On the other hand, it appears that carbonate of 
lead can occur in the other form of carbonate of lime, as calc- 
spar, and consequently that it may also be dimorphous, for we 
find in plumbocalcite, which has the form of calc-spar, carbo- 
nate of lead in alternating relations with carbonate of lime. 
We should never, therefore, have suspected the isomorphism 
of these two carbonates, had we only learnt to know them in 
their ordinary forms. This is a highly important fact, for the 
deficiency of isomorphism between other bodies may also be 
occasioned by their being dimorphous, when the two forms 
have not yet been fully ascertained. Accoi-ding to Dufr^noy, 
the form poescsaed by carbonate of protoxide of iron as jun- 
kcrite is also that of arragonite; this salt is therefore likewise 
dimorphous. 

Lime is connected with oxide of lead, baryta, and strontia, 

the salts of other acids. Thus, apatite, Cft CI + 3Ca O, P Og, 
native phosphate of lead, PbCl + 3PbO, PO^, have the 
crystalline form; and in the latter, a portion of the 
ite of lead is often replaced by phosphate of lime, aa 
occafflonally a part of the chloride of lead by fluoride of 
calaum. It has alreatly been mentioned that arsenic acid 
occurs in the place of phosphoric acid. The hyposulpbatea 
of strontia, oxide of lead and lime, crystallize with 4 equiv. 
of water, according to the Third System, and are likewise 
iaomorphous among themselves. (Heeren.) 

What has been stud of the relation existing between form 
and equivalent volume in the grou])s of spars, also applies to 
the groups of salts of baryta, strontia, and lead, and to those 
salts of Umo which are thus isomorphoua by dimorphism. The 
amplest characteristic form, to which the other forms may 
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be referred, ia in tlie case of the cartonatea 
of baryta, strontia, oxide of lead and lime, sucb^ 
as wc have represeuted in Gg. 3. ^M 

The angles of the crystak are not, however, 
exactly the same in these four solu; the solid^J 
angles a and b, and the angle of the ends, e c>^| 
:ire different in thcee, and the equivalent volumes 
are alao different, a^ the following table will 
show. 





EquiT- 


Sfirc. Grmi, 


F..iol». Vol. 






Ani^let. 






turmuli. 


-J 


1. 


t 




BflC .- 


.... 1330 


4-30 


•206 


I IB" 


30- 


61° SO* 


106=60' 


SrC... 


.... 9»I 


3-00 


2bi; 


117= 


IC' 


62=44' 


108° 12" 


PbC„.. 


.... 106U 


«-47 


268 


117' 


U' 


62^46' 


loe^ 


ly 


c«c.... 


... BSb 


2'aa 


213 


116- 


16' 


63=44' 


108 


37' 



"We here clearly perceive how the e<inivalent volumes most^ 
accurately agree in the salts which are most peri'ectly isomor- 
phoue. The differences in the angles and iu the equivalent 
voluciies are really bo small in carbonate of atrontlan (stron-j 
tiauite) and carbonate of lead (white lead ore) that they maj 
be esteemed mere evrore of observation. Carbonate of ba 
(witherite) and carbonate of lime, as arragonite, differ con-1 
uderably from theae two salts with respect to their equiva-l 
lent volumes and angular relations; and an increase of tbej 
equivalent volume corresponds to an increased angle a, andl 
Btnaller angles A and c. Kwe increase the equivalent volume] 
of one of these salts, (if we heat it,) a change in the anglal 
corresponding to thia increase of the equivalent volume occurs, [ 
the angle a becomes more obtuse, and the angles i and c become] 
leas so. (Kopp.) 

In sulphate of lead the angle a amounts to 101° 32', in] 
sulphate of baryta (heavy spar) to 101° 42', and in sulphate | 
of strontian (celeetine) 104° 48'; here, therefore, there is noj 
perfect isomoqihism. 

Interesting results present themselves when we seek to refer, 
the isomorphism of the salts of baryta, slrontia, and lead, 
the isomorphism of the oxides or of the metals. If we allow i 
the specific gravities 473 and 3'93, as given by Karsten, 
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stand for baryta and etrontia, these oxiJcs will not have the 
»unc efjLivalent volume, for that of barj'ta aiaounlB to 202, 
aiiJ that of strontia to 164: they cannot, therefore, replace 
each other in ealta without a change of form, oa like volume is 
nerc6«ar}\ But the metala of thcee osiilea, barium and 
etrontiuin, have apparently, according to Kopp, the same 
equivalent Tolume, and we might hence conclude, that in the 
raitf. of baryta and strontia, those eartha and the acids are not 
pn>ximate conatituenta, but, aa the binary theory of the salts 
demands, barium and strontium with a compound radical; and 
consequently it would be more correct to write Ba S O^ than 
Ba O, S Oj. The conversion of the one salt into the other is not 
then effected by an exchange of baryta and strontia, but of 
bftriiUD and strontium. If we include lead in this considera- 
tion, we find that its equivalent volume does not agree with 
tlioee of barium and strontinm, whilst the equivalent volume . 
of oxide of lead approaches very nearly to that of struntia, 
being I5fi. With respect to salts of lead, we muat therefore 
pvc the preference to the generally prevalent view of the 
ooiutitution of salte, whilst we assume two different constitu- 
tjons for the salts of strontia. (Kopp, Aiinalen iler Chemie u. 
J'har. Bd. 36, 0. 18.) Simikr results are yielded with respect to 
the baaes and metals of other salts, and it likewise ia worthy 
of DOttce, that although chloride of barium and chloride of 
struDtium have the aame equivalent volume, that of chloride 
of lead di&ere from both. 

Potat^h (KOj and oxide of ammonium (AmO, that is, 
H, K O), form with the same acids, salts which are iaomor- 
phoiu; the same ie the case with potassium and ammonium 
(Am, that ia, H^ N or 'Hg^Nj), with salt-radicals. Thus the 
Eulpliatea, cbromates, nitrates, Stc, of potash and oxide of 
ammoniuni have the same form, and in many double salts a 
itibstitution of the oxide of pilasaium for oxide of ammonium 
occurs without any change of form. (See below.) The 
isomorphism of the potassium and ammonium compounds 
iJiuw'B in tlic clearest manner, that eimllarity of form docs not 
inr&riably indicate a like molecular constitution of bodies, for a 
^^ group of .5 at. v( hydrogen, and 1 nt. nitrogen ( 1 at. vol. ) has in 
^^■tkese oompounde t)ie same crystallographic value as a single 
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fttom of potaseium. It is very probnblei that salts of soda bii^| 
soilium belong to this group, but that the bomorphism is con-V 
ceiiled by dimorphifim, except in a few cases. Thus we find 
soda in soda-alum, in the place of the potash in potosh-aJum ; 
the crystalline form of both alums b, like their composition,^ 
the same, and both crystallize in octahedra. Frankenheim ha^| 
shown that microscopic crystals of nitrate of potash possess the 
form of nitrate of soda. It b also conjectured that soda may 
take the place of potash and lime in the mineral chabasite 
without any change of form. Anhydrous sulphate of eoda, 
which cannot yet be obtained in the form of sulphate of potash, 
18 exactly isomorphous with Bulphate of silver, and the two 
salts have nearly the same equivalent volume, which differs 
from the equivalent volume of sulphate of pota«b and oxide of 
ammonium. Thus, tlu-oughoiit, the corresponding potassium 
and ammonium compounds exliibit a great correspondence in 
their equivalent volume as demanded by isomorphism, but the 
corresponding sodium compounds are far from being included 
under the same head, their equivalent volume always approach- 
ing nearly to that of the corresponding silver compound. The 
difference of the equivalent volumes of the analogous but non- 
isomorphous potassiiun and sodium compounds b so great — i 
the equivalent volumes standing for the most part nearly in the' 
relation of 4 : 3 — that in the case of dimorphism establishing 
the isomorphism, very considerable changes must take place in 
the density in order that the equivalent volumes may become < 
equal. (See Kopp.) 

The isomorphism of sulphate of silver and sulphate of soda] 
is corroborative of the present atomic weight of silver, whilst, 
as we have already seen, the bomorphism between Cuj S and 
Ag S may indicate the propriety of n division of the atom of^| 
silver. If, owing to the isomorphism of the latter, we would ^\ 
carry out the divUion of the silver equivalent into two atoms, 
in which the oxide of silver would be changed from Ag O 
to Agj O, and the dinoxide of silver from Ag, O to Ag^ O, 
the divbion would lead to the halving of the equivalents of 
the sodium, owing to the isomorphism of the sulphate of 1 
soda with sulphate of alver. And these salts would then 
have the formuls, Agj O, S O^, and Na^ O, S O^, and since ' 



i 
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i€re probably exists an UomorpLism of Bodiutn compounds 
witli the potaseium and ammonium compounds, the equivalents 
of the potassium and ammonium would neceseorily be halved. 
At the time BerzelJus gave the formula 'H^ 'N to ammonium, 
and oxide of aiumonium contained, according to him, 2 at. of 
ammonium and 1 at. of oxygen, a division of the equivalent 
of potassium might olgo have been boacd upon this. Now, 
BcrzeliuB has certainly more correctly mode the atomic weight 
of •mmonimu correspond with tlie atomic weight of potassium, 
and consequently 1 at. ammonium is, according to him, = 1 eq. 
of ammonium, namely, ''Hg^N,. 

It has already been stated that similarity of form is not 
inTiudably connected with similarity of composition, but that 
[lerfect correspondence in form, that is, actual JsomoTphism, may 
also take place between bodies, which exhibit a complete d!f- 
fonmcc with respect to their constitution. Carbon, clJoride of 
sodium, arseoious acid, and alum may all crystallize in octa- 
liedm, although they have not even a remote resemblance in 
oontposition. 

Even if we do not admit that the ordinary occurrence of 
the simple form of the cube and the regular octahedron, 
proves the existence of isomorphism, except in cases where we 
might expect to meet with it, in consequence of well-grounded 
nmilarity of comjxiBition, as in the differcDt kinds of alum, the 
isomorphoua groups we have been considering, present ua with 
examples of identity of form, without indicating any well- 
grounded resembhince in the composition, against which ihe 
objection in question cannot be urged. Thus the dimorphous 
.]>hate of potash, K O, S O, + 11 O, S Oj, is in one form 
•rphous with sulphur of the Fifth System, and in the 
other form with felspar. Nitrate of soda, Na O, N Oj, haa 
th« form of calc-spar, Ca O, C Oj. The crystals of nitrate of 
potjub, K O, N Os, known under the name of saltpetre, have 
tlie form of arragonite, consequently that of the other form of 
CArbonate of lime, and microscopic ciystals of this salt, ua 
already observed, occur in the fonu of nitrate of soda, conse- 
qtiently in that of calc-epar. Finally, anhydrous sulphate of 
•oda, (and oxide of silver, see above,) Na O, S Oj, are not 
bomorpbonB with manganate of baryta, Ba O, Mo Oj, but 
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with pennang&asite of liarj-ln, Bn O, Jin, O,. In ibe two^J 
first-named bodies the bisulpliate of potash and sulphur, tb^H 
aliseuce of all analogy is obvious. There id not eitber any^f 
resemblance in the composition of nitrate of [lotasb and carbo-S 
nate of lime, or between permanganate of baryta and sulphate of H 
eoda, if we abide bj the common views regarding the conetitu-^^l 
lion of these »alte. ^M 

Attetupta have been recently made, from various quarter9|^| 
to deduce the isoniurpbism of these salts from tbe law estar^H 
blishcd by Slitschorlich ; but these attempts must for tbe pre- 
sent be regarded as mere speculations. Thus Schatfgotsch^^ 
recommends the division of the equivalents of silver, sodiumf^f 
and ]>otas:<ium into two atoms, and then avails biinself of it to 
explain the isomorpbisni of the nitrates of potiish and soda with^ 
carl>onate of ]ime« If, for instance, we exhibit the compositioi^| 
of nitrate of potash, in accordance wilb the binary theory of 
the salt, by the formula K, ^N, Og, it will be after the hairing 
the equivalent of the potassium, Kj, 'Ji'j Og, or K, ''N O3. A», 
according to this iheorj', carbonate of lluic has the formuli 
Cn, C Oj, the analt^y of the composition of nitrate of potashl 
and of carbonate of lime ia made apparent, K+*NO, auii] 
Ca + COg. The same is the case with nitrate of soda. AVepcr 
ceive by this, that the division of the equivalent of the nitroge 
into 2 at., as required by isomorphism, may be supported. 

Tlie dimorphism of carbonate of lime and nitrate of potasli 
may possibly, acconhng to Scha^otsch, be grounded upon ihfl 
fact, that calc-spar and the nitrate of potash crystallized in lhi| 
form may be com|x>Bed according to tbe fonnulre Coj+C, OJ 
and Kj+'Xj Og, while arragomle aod common nitrate of pot- 
ash have the formulte Ca+C O3 and K+'N Oj, Dimorphism 
would, therefore, be a consequence of polymerism. ^M 

In opposition to this Clark proposes doubling the atomic^ 
weights of sodium and silver, in order to explain the isomor- 
phism between sulphate of soda, sulphate of silver, and per- 
manganate of baryta. If we carry out this doubling, we havi 
as follows : — 

Bulpfa&teof soda 

Bulphate of ulver 
PatnuigaiiU* of baryta 
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. N* + £S0, 

Ag + as o, 

Ba + BMnO, 

NaO, + 28 0, 
AgO, + 280, 
BhO, -f SMnO, 



nr according to the binary theory of salta. 

Sulphate of aoda 

Soliiluttc of siver .... 

Permongiuiate □rbarj'ta 

«r finally, 

Sulphate of wda 

^m Sulphale of Bilver . ,. 

^P PNinanganDio of Iiaryte ., 

IsotnorphiBm ie, consequently, tlcilnced from a like numbiT, 
and a like arrangement of the atoms. 

We will now at'ter ihese remarks turn to the eonsitleration 
<if new groujis of isoniorphouw ealls. The ordinary green vitriol 
\a a sulphate of the protoxide of iron with 7 equiv. of water. 
Fe O, SO3+V HO: with the same quantity of water, tlie 
sulphate of the protoxide of cobalt cryslidlizes at an ordinary 
temperature, wliile sulphate of protoxide of manganese cn'stal- 
lizes below 6^ C. The crvitiiUine form of these three salts is 
the same, of the Fifth System : they arc isomurphous. Sulphate 
of toagnesia and sulphate of zinc likewise crystallize at the 
ordinary temperature with 7 equiv. of water, (the magnesian 
eidt, MgO, SO3 + 7 H O, the zinc salt, Zn O, SO3 + 7 11 0,) 
aa also sulphate of nickel below 5° C. These three salts are 
ieomorphous with each other, and have an approsimatively 
equal equivalent volume, but they are not isoniorphous with 
the three first-named, as their crystals belong to the Fourth 
SvBteni. The dift'erence of form of tlicse two groups of salts, 
with similar constitution, may possibly be dependant upon 
dimorphism; thus it may be, that under certain circumstances 
the three last salts crystallize in the Fifth System or three first 
in the Fourth System. It is also understood, that the nickel salt 
separates from its solution above 30*? C. with 7 equiv. of water, 
in crystals of the Fifth System, whence it would appear, that 
the salt is trimorphous. But from a solution above 30° C. the 
manganese and zinc salts crystallize with 6 equiv. of water, 
in the Fifth System, and of the same form. The sulphate of 
aisgnecin crystallizes between 20° and 30°, with 4 equiv. of 
water, and tlie sulphate of iron also at 80", both in the Fourth 

tSytlPQi, and isomorphous. (Regnault. ) Sulphate of copper with 
■ eqaiv. of wnter, Cu O, SO^ + 5 HO, cryntallizes in forms of 
! U 
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the Fifth System; the eulpbate of manganeae crystallizes wit 
the same quantity of water, and in the same fomi, under 20' 
It is very probable, if not certain, that the aulfihates of all the 
above-nameti bases, that is, of magnesia, the protoxide of iron, 
manganese, cobalt, and nickel, zinc, and copjicr, with the same 
quantity of water, are isomoq>houa; but that the isomorphi^ra 
is in some cases concealed by dimurphism, and in otliers it has 
not been made known from want of acquaintance with the 
circumstances in which the salts of those bases may exist with 
particular projwrtionfl of water. Sulphate of iron crystallizes, 
aa baa already been stated, at the usual temperature with 
7 ei]uiv. of water, in the Fifth System ; and suljibate ol' copper, 
with 5 cquiv. of water, in the Sixth System. It is probable 
that, under circumstances with which we are at present unac- 
quainted, the former may sejiarafe with the proportion of water 
and tlie fonn of the latter, and the latter may separate with 
tlie water and the form of the first. This appears to l>e proved 
by a mixed solution of the sidphate of iron and copper yield- 
ing a mixed crystal ivith the water and form of the sulphate of 
iron. The same holds good with reference to a solution of the 
sulphate of iron mixed with the sulphates of cobalt and sdnc. In 
the process of amelting copper in the Mansfeld district in Ger- 
many, a salt is obtained by washing the copper ore, with 7 
eqiiiv. of water, in large violet crystals, of the form of sulphate 
of iron, in whicli tlie bases are oxides of copper, iron, cobalt, 
manganese, zinc, and magnesia. (See Kainmelsberg, Lthrbuch 
der Slockiomiflrie.) 

It 18 interesting and worthy of remark, that light blue 
crystals are yielded by a mixed solution of sulphate of zinc 
(ZnO, SO3 + 7 HO,)and sulphate of copper, (Cu O, S O3+ 
5 H O,) which have not the form uf either of these salta, but 
that proper to sulphate of iron, (Fe O, SO3 + 7 HO,) and 

which contain like it 7 equiv. of water 

|Zn O 

If a crystal of sulphate of iron is placed in sue 
tjon, it b enlarged by the matter of the double salt, as if by its 
own, exhibiting a bluish green nucleus, and a light blue ex- 
ternal layer; and thus we may obtain it formed of alternating 
coloured layers by applying altemst*' 'f the 
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fluljtliatc of iron and of tlie mixed solution. Instead of sulphate 
of line we may make use of sulphnto of nickel or sulphate oi" 
magnesia, witli the some reaults. (Mitsclieilich.) 

The fact that sulphates of these bases, of like const itution, 
bonioi-phous, is confirmed by the circumstance, that the 
tlouble Kilts they form with sulphate of potash and oxide of 
■uuiuoQium, are accurately teomorphous, a»d have precisely the 
eame composition. All contain 1 equiv. of the alkaline eul- 

to and 6 equiv. of water: fur instiince,— . 
MgO.SO, + K0,80, + OHO 



C» 0,80, 


+ 


K0,60, 


+ 


uno 


Za 0, S 0, 


+ 


KG, SO, 


+ 


6110 


NiO, SO, 


+ 


KG. SOa 


+ 


uHO 


MgO.SO, 


+ 


KO.SOj 
tip. 


+ 


CHO 



We observe, that the aliove-nanicd bases include all tliosc 
which, combining with carbonic acid, yield the intereetiDg i*omor- 
phoue (!Toup of the spars, with the exception of lh»e. Here 
question naturally arises, is sulphate of lime connected by 
norphism with Ibe sulphatee of these bases? The question 
may bo answered in the affirmative. In a sulphate of iron of 
like form with hydrated sulphate of liuie (gypsum J, we have a 
like oonatitution, (that is, FeO, SO, + 2 liO,) with the 
fparing Bolubility of sulphate of lime. 

As the liases, which form isomorphous salts with cai'bonic 
lncid,also behave in like manner with reference to sulphuric 
ncid, the conjecture necessarily forces itself upon us, that all 
|h« buses in question, will yield analogous and isomorphous 
salts, with all acids, a conjecture which is generally confinncil 
by experience. Tlius, hydi'ated chloride of calcium and chlo- 
ride of magnesium have a similar constitution, and probably a 
tike fonn; so also, we have hydrated nltnites of magnesia, man- 
gfineBC, cobalt, copper, nn<l zinc, of similar composition; and 
have reason to suppose, that magnesia, lime, protoxide of iron, 
[irutoxide of manganese, frequently replace each other, in the 
of the silicates, as for instance in augites. 
If we coui[)arc the isumoqihism of the sul|)bateg which 
have just been considered, wiUi reference to tlic cquivalenr 
jTalumc "f the bases and metals which they contain, we shall 
frivi! at rcnulls similar to those that have already hecn ulf- 

L2 
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taiaed !□ the salta of baryts, etrontia, an<] lead. The eqiuv^H 
voU, of Fe, Mn, Co, Ni. Cu, are eciual, namely 44; an equiT.^| 
of manganese may, tberefore, dii'ectly replace 1 equiv. of iron,^| 
without any change of form occurring, eince each fills the 
same space. So also with Co, Ni, and Cu. The equiv. vol. ot^m 
zinc it*, however, 58, that of cadmium 81, that of magncgium^l 
84, (apec. gravity = 1'87); a substitution of any one of theae 
metals for another, equivalent for equivalent, is, therefore, only 
possible without any cliange of form occurring, proi-ided con- 
densation takea place; moreover, the equivalent volumes of the^^ 
basic oxides, R O of theae metnld, have not all like equivalent " 
volumes; at least, not so far as the data of which we are now in 
poeaession allow of our judging, but it is a remarkable fnct,| 
that the equivalent vols, of MgO and Cu O are almost iden-l 
tical, 90 that, consequently, although Cu and Mg cannot replace I 
each other, Cu O and Mg O may do so without any change of 
form occurring. The cquiv. vol. of oxide of zinc is larger] 
than that of the last two oxides, but anhydrous sulplmte ofj 
zinc and sulphate of magnesia, have nearly the same equiv. vol, { 
(Kopp, op. cit., p. 10.) 

Graham is of opinion, that the water stands in an tsomorphom ' 
relation with the bases of these groups, equivalent for equivalent; 
the isomorphism is certainly not proved, but the resemblance, 
which in a chemical point of ^new, water exhibits towards these 
bases, indicates that such is the case. Thus, according to that 
chemist, nitrate of copper, hydrated nitric acid of spec. grav. 
1"42 and sub-nitratc of copper, are expressed by the formulae 

CuO.NO. + 3110 
HO, NO, + 3H0 
CuO.NO, + 3(CuO,nO) 

Crystallized oxalic acid, or oxalate of oxide of hydrogen, cor- 
responds with oxalate of magnesia; hydrated sulphuric acid, 
HO, SO3+ HO, corresponds with sulphate of magnesia, 
Mg O, S O3 + H O, and this aimilurity, in a chemical point of 
view, b regarded by Graham as a main objection to the division 
of the equivalent of hydrogen into 2 atoms. 

Very recently Scheerer has brought water into an isoninr- 
phous relation with the same ha*'«'* "flerenl 
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maimer; he eliowe tlial 3 Htoiua of HO, have frequently, in a 
crjslallogi-apliica] and also a chemical relation, the eame value 
•a I ttt. MgO, FeO, MnO, and probably also as CaO, NiO, 
Zn O; and that in lite manner, 2 at. of H O correspond to 1 atom 
CuO. (Poggcndorffa Annalcn, 1846, Bd. 68, b. 319, &c) 
The examination of two minerals, cordierite of Krageroe and 
upafiulite, led to the discovery of this Bpecies of isormorphjsm, 
named by Seheerer, polymeric isomorphism. The analysis gave 
the mean as foUow^: — 



Silica 

Alumina 

MHgoeaia .... 

Lime 

Protoxide of Iron ,... 

ProUside of Mangaiiese . 

Water 



Ciitdieiiic Aipuiolita. 

60-44 WW 

as-Ufi sa-so 

12-76 mi 

ria inae 

0i)6 s-Si 

trace traca 

1-02 e-TS 



99-25 



wm 



If we consider the iron in cordierjtc as Bcsquioxide of iron, a 
view favoured by its deficiency of colour, the relation of the 
oxygen of the silica (Si O3) to the oxygen of the bases Bj Oj 
and K O is as follows: — 



8iO. 

36-30 



B=0. 
16-64 



BO 
5'2fl 



wbicli very nearly corresponds to the formula 3R O, 2Si O3 + 
S,RjOj, SiOj); consequently, the relations of oxygen would 
U 26-20, 15-72, 5*24. 

The green colour of aapasiolite Indicates the presence of 
protoxide of iron, which has been confirmed by quantitative 
uuilyeis. T)te relation of the oxygen is consequently thus 
oomputed: — 



6iO, 
3818 



IS- 1 a 



BO 
303 



HO 
6-38 



All attempts to deduce a formula from this in the usual 
manner, fail, and we obtain improbable expressions showing no 
liunuony with the formula of cordierite, to which, however, 
tqiiLsiolito stands in the closest relation. The two minerals 
pOKtees the i^anie crystalline forms; rhombic prisms of 120°, 
witli combinations of O P' « P <» and cc P 00 ; the most com- 
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plete tmttHitiune from the oue niiueral to tte other prracnt 
lliCDisefvcs in the same Bpccimca, and there are cryetale partly 
coosbtlng of aspaaiolite and partially of cordierite. The nucleus 
especially is formed of the latter, and distributes itself, as may 
be (Uscerned with certainty, by its differcncc in hardness and 
colour. 

On comparing the composition of aepasiolite with the 
cordierite of Krageroe, we find that the silica and alumina 
BtRud nearly in the same relation in both minerals, and that it 
is mainly owing to the diminished quantity of magnetiia attri- 
butable to the large rjuautity of water, that the mixHire of the 
former differs from that of the latter. It nainmlly, therefore, 
occurs to the mind, that both minerals, cordierite and aspasiolite, 
are isomorphous, and that thia isfjmorphism is owing to a certain 
quantity of water being able to replace a certain quantity 
of magnesia. M'e find by computation, that in such a ease, 
time equivalents of wnter replace one equivalent of magnc«& 
If, in this relation, we were to substitute magnesia* for the 
water contained in the aspasiolite, we should obtain the follow- 
ing relation of oxygen for this mineral: 



8iO, 
M'lB 



B,0, 
1&-H 



BO 



while that found for the cordierite of KragcriJe, is 26'10; 15'i 
: 5'26, and these numbers approximate much more if we reckon 
a part of the iron of the aspasiolite as sesquioxide, for in- 
etance, about the half, as 



ae-ia 



8,0, 

ie-63 



BO 

8-37 



It conaequenily follows, that the similarity in the crystalline 

• Accui'diug ro the «quivsloiicy of 3 al. of UO to 1 equiv.of MgO,iuidcoii- 
MNluentl/ of 3 X 113 55 (= 3375) lo 36a35, there is for every part by weigbC 
of WKler ',',*7 V ' — ""JGfl parta by weight of mngnesiB. For [he G-JS per cent. 
Iharefore, of water eoDtained id the oBpasiulite, wc mutit toko into acconnl 
6 73 X 0'7«' = S 16 per cent, of naBgnesin. For [lie compulations of the rela- 
tions nf the oiygen we need, of course, ooly diiide Ibe qusjilily of oxygen eon- 
tuiued iu the vater liy Z, ojiil odd the quolient to tlie oxygen of the raBgaeda 
from which wc fiud, in the cobv before us, liial the whole amouiil of the oxygen 
iu EO = 3-63 + i X OM = 5C3.-(Soheerer.) 
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form of cordierile and aspasiolito may be cxplaiued by the 
■wnmplioo, that 3 equiv. (utum^) of walcr may isomorphously 
replace 1 equiv. (1 at.) of magnesia. The manner in which 
ihie substitution is effected has been shown by Scheerer in the 
isterceting work alluded to, by reference to a large scries of 
luiiierald and compounds. If we reckon from the analysis of 
the different forms of serpcntinea, the quantity of oxygen in 
the bases, R O, and that of the water, II O, and add to them In 
this manner indicated, (that is, by taking from the amount of 
the oxygen of the wiitej ^ 3H = 110) the sum wiU in all 
OSes be equal to the oxygen contained in the silica, and hence 
we have for all forms of serpentine the simple formula of 
(RO). SSiOj. The insertion of the RO means, that in this 
jturtion, a lai^er or smaller part of the magnesia, and its 

iaomoqjhous base (Fc, Mn, &c,,) ia replaced by water in the rela- 
tion indicated. This formula ia, however, that for olivine (3R O, 
Si O3") with this difference only, that in the latter no magnesia 
is replaced by water. Ser(>entinc may therefore be regarded as 
hydrated olivine, and hence we have an explanation of the 
reason that crystallized serpentine (of Snarum) has the same 
crystalline form as olivine. 

The doubly refracting datolitc, for which Rammelsbcrg baa 
given the formula 2 (3Ca O, .Si Oj. + SB O3, Si O^ + a H O.) 
iu which boracic acid playa the part of a base, has, according 

to .Scheerer'8 view, the formula .3(Ca Si + Ca B) + (R) SL The 
combinations of magnesia with carbonic acid and water (mag- 
nesia alba, &c.) come b^ have In the same way very simple tbr- 
mulse. In the magnesian sulphates, containing 7 equiv. of 
water, I equiv. always occurs as water of crystallization, while 
6 c<iuiv. (=2R,) are combined ae bases with the sulphuric acid. 
Graham observed that these 6 equiv. of water escape with con- 
ndcrably more facility than the seventh equivalent. lie colled 
the latter amstiliitiomd water, and the former water of crystal- 
lization ; but, according to Schecrer's mode of observation, we 
must invert these terms. As I ehall have occasion to revert to 
Schccrer's admirable treatise, I must be permitted to remark, 
that it would not have lost in any way, if the author had re- 
fnuned from extending [wlymeric isomorphism (although only 
provisionally,) tu magnesian sulphates and similar compounds. 
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Tlie Uitiiiorphous group of the alimis, which has aU-eady been 
mentioned at pa^e 122, rangee lUelf with both the preceding 
ieomorphoua groups. The general formula for alums is R O, 

SOj + Rj O3, 3S03 + 24n O. or shorter R S, R R S, + 24 H; 
Rj O3 may be alumina, eesquioxide of iron, sesquioxide of 
ctirumium, scsquioxide of manganese, (common alum, irOQ 
ftlum, chrome alum, manganese alimi); and R O may be potash, 
oxide of ammonium, or soda, ()>otash alum, ammonia alum, 
soda alum). Common alum is, for the most part, potaeh-and- 
alumina alum, and the formula is consequently as follows :— 

KS + AIAIS3+24HO. 

Ammonia and iron alum is Am S + FeFe S3 + 24HO. 

Potash and chrome alum is KS+CrCr S3+24HO. 

All these alums occur in octahedra, and their equivalent 
volumes are all equal. In this case we also see that isoraor' 
phism ot" the constituents is not the necessary result of isomor- 
phism of the combinations. The sesquioxides of iron and cluw- 
mium and alumina have the same equivalent volume, and may, 
therefore, directly replace each other, eqiuvalent for equivalent* 
without the forms being deranged, but the metals, chromium 
and ahiminimi, have a difl'crcut equivalent volume from iron. 

Reciprocal substitution of these atoms amongst themselves, 
vithout any ehangc of form, occurs as frequently in the sesqiu- 
oxides as among the protoxides belonging to the magnesiau 
group; and it is most clearly indicated in those epinell-Iike 
minerals that crystallize in the regular system, in which the 
sesquioxides are contained as negative constituents. The type 
of this grouji of minerals is as follows: — 



Sfniii^ll 


.... HgAlAl 


PIfOIUUil 


.... M^FeAlAl 


(iaiiultc ... 


.... ZnMnFoAIAl 


Magnpticam 


... FbFbPb 


Chrome tron-Blone ,,,, 


F« Mg Cr Al 


FranklinilQ 


.... MaFeZoFeMa 
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As the concluding idomorphoua group, we may mention the 
one which ifi compoeed of the double cliluridee, from the union 
of chloride of potaaaium, or chloride of ammonium, with the 
cIdoridcB of platinum, palladium, iridium, and osmium; to 
which belong chloride of |)otas£ium and platiuiim, K CI, Pt Clgj 
chloride of ammonium aud platinum, Am CI, Pt CI^; chlo- 
ride of potassium and palladium, K CI, Pd CI3, &c These 
douLlc chlorides crystallize together in octahedra, and have a 
rimilar constitution. As the e<iuivalent volumes of these four 
meioU are equal, we may derive the isomorphism of the double 
chlorides from the isomorphism of the metals. 

Chemists have always been very desirous of finding somo 
simple physical characteristic, by which to ascertain the atomic 
weights: and identity of volume in a gaseous condition, identity 
of gjjecific heat, and similarity in the crjstallinc form, have in 
turn been esteemed m certain means of recognition. 

At the proper places we have already S[ioken at large upon 
the eubject of the two first-named characteristica, and stated 
that, although they must not be left wholly out of the quee- 
tioD, they nevertheless cannot serve as generally available aids 
in determining the atomic weight. 

The question as to whether isomorphism may serve, uncon- 
ditiunally, as a means of determining the atomic weight, and 
whether, consequently, the diifcrencee of the atomic weights 
wluch it enforces, must, in all cases, be directly taken into 
account, will be answered by the consideration of the isomor- 
phoue groTips. It cannot be denied, that the indications of 
icomorphism agree better than those of specific heat, and better 
than the weight of the volumes with those ^news of the consti- 
tution of bodies, wliich have been derived from purely chemi- 
cal considerations; and they are most invaluable in establishing 
an analogy of comi>osition in a group of bodies; whilst they 
afiiifd us an exact characteristic, that may be explained by 
i)uiul>er», in the place of the common and ill-determioed re- 
ecmbhuice between compounds, which has been observed by 
chemists more from a practised tact than from rule, and which 
hu hitherto been their only guide in classification. If, there- 
H fore, we admit that isomorpliism is a certain test of the re- 
■ Kmblaoce of atomic constitution, within the limits of a group 
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of elements and tlieir com[K>uiids, wc muat, n evert lieJese, qiiep- 
tioD whether the relation of the atoms to the cryetalline furin 
is, without exception, the eamc throughout the whole seiiea 
of the elements, or whether all agree exactly in thJB or an; 
other phj-eicjil pro[ierty. 

It ia even possible that the crystalline form and isoniorp! 
may not be the consequence of the atomic eonatitulion, or that 
they are not immediately and necessarily connected wilh it, bu 
on the contrary, they may arise from a secondary property 
bodicfl, in which a single atom may accidentally resemble 
compound body. Tliia seems to be proved by sulphur in one 
its two forms being isomorphous with biiiulphate of potash, 
and that a single atom of jHitae^ium is isomurphous througboul^| 
a long series of combinations with the group of 5 atoms com^B 
posing ammonium. The last circumstance, as well as the i»o- 
moq>hi?m of the cyanogen compounds with the chlorine com- 
pounds, (Hg Cy and Ilg CI,) shows, at any rate, clearly, th. 
the compound radicals have the same value in an isomorpho' 
relation as the simple radicals, — the elements. It must also 
remarked, that Will has exhibited a quinine-and-iron al 
and that, according to Ortigosa, there probably exists an al 
which, in the place of R O, oontiuns the alkaloid coninc 
(C.bH.^N.) 

The dimoi'phiem of simple as well as compound bodies al: 
indicates the sulmrdinate character of the crystalline form. 
Is it probable that sulphur and carbonate of Unie cunid by 
merely a trifling difference of temperature be brought to yield 
totally different crystals, if form were the result of an u 
changeable atomic constitution? The crysttilline form 
perhaps dependent upon a property of bodies, with whii 
we are as yet unacquainted, and which may stand in a frequent 
and general, although not invariable, relation to their atomic 
condition. If this be granted, it will not be at variance with 
the doctrine of isomorphism, if one atom of a certain groi 
of elements possess the same crystallograpbic value as two 
more atoms of another group. (Graham.) 

Truly isomorphous bodies resemble each other in many 
other properties besides fonn. The corresponding arscniatee 
and phosphtitcs agree iu taste, in ■' 
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which they retain water of cryetallizalioD and in various 
uther pmpertics. Seleniate and sulphate of i<uda, i^morphouB 
cumpounds, are both efflorescent salts, and their resemblance, 
with regard to their solubihty ia water, goes so far, that both 
show the unusual delation from the law of increusc of eolu- 
bUity ut higher temperatures, of being more easily soluble in 
water at 92° F., than in water heated to the boiling-point. It 
ct^Ttainly appears that isoraorplusm is always oecompitnied by 
» resemblance in mauy other properties, and it seems as if it 
were a fcatm'e indicative of the closest relationship between 
two bodies. 

It will subsequently be shown that bodies act more readily 
iip«)n each other aa solvents, and admit of being mixed in a 
fluid form, in projMrtion to the similarity existing in their 
cuni|>osition. Attraction towni'ds ntiotlier jiossesijing a similar 
durftcler with themselves, is probably the reason that the 
particles of isomorfihoua boihea blend so readUy together, and 
OQ this may depend the difficulty of separating them, when 
ihey arc once dissolved in a common solvent. Perman- 
ganate and pcrchlorate of potash, Isomorphous salts, may 
(Tcrtaiuly crystallize apart from the same solution, owing 
to their eolnbility being so different; and potash alum may, 
by crystallization, be freed from the greatest pai't of the iron 
alum cimtjuued in it, because the latter is more easily dissolved, 
md reuiaine In the mother-liquid; but most isomorphous salts, 
for iiist;mce. sulphate of protoxide of iron and sulphate of 
coplier crj-slallize when they are dissolved together, yielding 
not distinct, hut homogeneous, crystals, which are a mixture 
of Iwth salts in indefinite proportions. This blending of 
iHoruiirphous salts ie very frequently found in minerals, as we 
have already seen: it was wholly inexplicable, and seemed to 
b« entirely at variance with the theory of equivalents until 
the cjipacity of isomori>hou8 bodies to crystallize in common 
vaa recognised a^ a natural law. If isomorphism have only 
a limited value ui ilie detcnninalion of the atomic numbers of 
bMlie«, it fnllows, as has already been stated, that the chemist 
M e»[icciftUy led to adhere to the equivalents. I again repeat, 
the more the inv&r'tigator divides the equivalents in onter 

bring ihcm in accordance with the physical properties of 
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bodies, the more will these atome yield in chemistry to cbe 
mical atoms, that is, to the etiuivol^Dt atoms. 

The relative equivalents of bodiee resembling each other 
cheniicaUy admit, generally epealdng, of being ascert^ned with 
the greatest certainty; not bo, however, with respect to the 
relative equivalents of elements of heterogeneoua chemical 
character. There can l>e no doubt as to the relative quantities 
required in the reciprocal substitution of chlorine, iodine, 
bromine, oxygen, sulphur; nor as to the same quantities 
hydrogen, potassium, magnesium, calcium, barium, iron, &c.d 
nor the quantities by weight of antimony and arsenic, or cvciP 
perhaps of phosphorus and nitrogen, which may rejjiace each 
Other. But what, for instance, is the quantity of nitrogen 
phosphorus, or arsenic, necessary to take the place of 100 
of oxygen? This is another question. Have the element 
a different equivalent in difl'ercnt combinations? are they ii 
fluenced by allotropisni? 

Graham, who always deduces isomorphism of combination 
from isomorphism of the constituents, which naturally leads us 
at last to the isomorphous elements, has divided these elements 
into isomorphous groups. As in the formation of these groupSf 
the isomoi'phism of the combinations must necessarily serve as 
a guiding point throughout tliese combinations, tJiey must be 
of interest even to those chemists, who do not admit without , 
some reservation that isomorphism of the combinations result^H 
from isomorphism of the constituents, embracing as they do^^ 
such elements as are connected together by the isomorphism 
of their compounds. This mode of grouping cannot therefo 
be passed by without some short notice. 




Classificatiim of ElemenU, {Graham), 

The extent to which the isomorphous relations of bodie 
have been traced, will appear on reviewing the groups 
natural families in which the elements may be arranged, and 
observiug the links by which the different groups themselves' 
are connected; these classes not being abruptly separated, but- 
shading into each other in their characters, like the cl 
created by the naturalist for the objects of the organic 
world. 
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I. Sulphur Clan. — This class comprises four elementary 
bodies: oxygen, sulphur, eelenluni, tellurium. The three laat 
of these elements exhibit the closest paralleliain in their owu 
properties, in the range of theii- affinities for other bodies, and 
in the properties of their analogous compounds. They all form 
gases with one atom of hydrogen, and powerful aeida with 
three atoms of oxygen, of which the salts, the sulphates, 
eelcniates, and tellurates are ieomorpbous; and the same rela- 
tion undoubtedly liolds in all the corresponding compounds of 
these elements. 

Oxygen has not yet been connected with this group by a 
certain iaomorplusm of any of ita compounds ; but a close cor- 
respondence between it and sulphur appears, in their compounds 
with one class of metals being alkaline bases of aimilar pro- 
perties, forming the two great classes of oxygen and sulphur 
baaeflf such as oxide of potassium and sulphide of pot-issium; 
mnd in their compounds with another class of elements being 
«mihir acids, giving rise to the great classes of oxygen and 
ralphur acids, such as ai'senious and sulpha rsenious acids. They 
rurthi'r agree in the analogy of their compounds with hyJrogen, 
particularly of binoxide of hydrogen and bisulphide of hydro- 
gen, both of which bleach, and are remarkable for their 
inftAbility ; and in the analogy of the oxide, sulphide, and 
tcUuride of ethyl, and of alcohol and mercaptan, which last is 
an alcohol with ita oxygen replaced by sulphur. This class is 
connected with the next by manganese, of which manganic acid 
la isormorphoug with sulphuric acid, and consequently man- 
ganese with sulphur. 

H. Magnenan Clatn. — This class comprises magnesium, 
calcium, manganese, iron, cobalt, nickel, zino, cadmium, copper, 
bjdrogen, chromium, aluminum, glucinum, vanadium, zireo- 
nitun, yttrium, thorinum. The protoxides of tliis class, includ- 
ing water, form analogous salts with acids. A hydrated acid, 
meh aa crystallized oxalic acid or the oxalate of water, corres- 
ponding with the oxalate of magnesia in the number of atoms 
of water with which it crystallizes, and the force with which 
the Munc number of atoms is retained at high temperatures; 
hydrated sulj.huric acid (HO, SO, + HO) with the sulphate 
of ningneeia ( Mg O, S Oj + H O). The isomorjihism of the 
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Baits of magnesia, ziiic, cndmium, and the protoxides of man^ 
ganeec, iron, nickel, nnd cobalt, is perfect. Water (HO) ant 
oxide of zinc (Zn 0} liave both been observed in thin regular 
eix-Bidcd prisms; but the ieoniorphism of these crystals baa no^| 
yet been established by the measurement of the angles. Oxide 
of hydrogen has not, thertil'ore, beeu shown to be isoniorphoug^ 
with these oxides, although it greatly resembles oxide d^M 
copper in its chemical relations. Lime is not so closely related^ 
ae the other protoxides of this group, being allied to the follow-^ 
ing class. But its carbonate, both aniiydrous and hydrated, it 
nitrate, nnd the cliloride of calcium, assimilate with the 
corresjwnding compounds of the group; while to its sulphate^ 
or gypsum, CaO, SO3 + 2H0, one parallel and isomorphoti^| 
compound, at least, can be adduced, a sulphate of irou, Fe O, 
SO3 + 2HO (ilitacherlich), which is also sparingly solubl 
in water, like gypsum. Glucina ia isomorphous with 
from the isomor2)liiam of the minerals euclaee and zoisite 
(Brooke.) 

The salts of the sescjuioxide of chromium, of alumina, 
glucina, arc isomorphous with those of sesf]nioxide of iroi 
(FejOg), with which these oxides correspond in conipoeltionj 
and the salts of manganic and chromic acids arc isomor^ihoua 
and agree with the sul])hate8. The vanadiates are believe 
to be isomorphous with the chromates. Zirconium ia place 
in this class, because its fluoride is isomorphous with tha 
of aluminum and that of iron, and its oside appears to have 
the same constitution as alumina; and yttrium and thorii: 
solely because their oxides, sup]W)sed to be protoxides, 
classed among the earths. 

III. Barium C/ass. — Barium, strontium, lead. The salt 
of their protoxides, baryta, strontia, and oxide of lead, are 
strictly isomorphous, and one of them at least, oxide of lead, 
is dimorphous, and assumes the form of lime, and the preceding 
class in the mineral plumboealcite, a carbonate of lead and 
lime. (Johnston.) But certain carbonates of the second class 
are dimorphous, and enter into the [iresent cl.iss, as the cajxj 
bonate of lime in arragonite, carbonate of iron in junckerite 
and carbonate of magnesia procured by evaporating its sotutie 
in carbonic acid water to dryness by the water-bath (G. 
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which have all the common form of carbonate of atrontia. 
Indeed, these two ciacses are very closely relnted. 

IV. Piitaxsium Class. — The fourth claaa consists of potaa- 
Huni, funmoiiium, sodium, silver. The term ammonium is 
■pjilied to a hypothetical compound of one atom of nitrogen 
anil four of hydrogen (N H^), which is certainly, therefore, 
not an elementary body, and probably not even a metal, but 
which is conveniently assimilated in name to potassium, as 
these two bodies occupy the same place in the two great elasaea 
of potash and ammonia salts, between whicli there is the moat 
cumplete isoiuorpliism. Potassium and ammonium ihemaelves 
im, therffnrc, isomoqihoua. The sulphates of soda and silver 
are similiibrm, and hence also the metals sodium and silver; 
but their isomorphism with the preceding pair is not so clearly 
estBhliehed. Soda replaces potash in soda idum, but the forui 
of the crystal is the common regular octohedron; nitrate of 
potash has also been observed in microscopic crystals, having 
the rhomboidal form of nitnite of soda', which is better evidence 
of iwmurphi^in, although not beyond ca\-il, as the crystals were 
not measured. There are also grounds for believing that 
potaah replaces soda in equivalent quantities in the mineral 
chsbasite, without change of form. The probable conclusion 
ia, that potash and soda are isoniorphous, but that this relation 
IB concealed by dimorphism, except in a very few of their 
salts. 

This class is connected in an interesting way with the otiier 
classes through the second. The subsulphide of copi>er and 
lh« sulphide of silver appear to lie isomoqthous, although two 
atoms of copper ai'e combined in the one sidphidc, and one 
atom of silver in the other, with one atom of sulphur; their 
fbnntila: being — 

Cua S and Ag S. 

Are then two atoms of copper isomorjihous with onr atom of 
rilvcr? Id the present state of our knowledge of isomorjiliism, 
it appears necesi^ury to admit that they are. 



" I'ninkt.'nheim, in Poggendorf^ Annolen, vol. xl,, jiago HI. Sec also n 
pM«r liy rraf<;aiH>r itabiutan ou Ibo received e<iuivalciits of poUuili. audo. uuil 
«lv*rt I'hil. Mag., tliirJ aoriee, vol. Jili., |i. 334. 
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The fourth ehiaa will tlius stand apart from the eccond, 
which ia repreaented by copper, and also from the other eli)e«e« 
connected witli the second, in so far as one atom of the present 
class is equivalent to two atoms of the other classes in the 
production of the same crystalline form. This discrepao(^_ 
may be at once removed by hairing the atomic weight ^| 
silver, and thus making both sulphides to contain two atoms 
of metal to one of sulphur. But the division of the equivalents 
of sodium, potassium, and ammonium, which would follow that 
of silver, and the consideration of potash and soda as suboxides, 
arc assumptions not to be lightly entertained. 

It was inferred by M. Mosander, that lime with an ato 
of water is isomorphous with potash and soda, because Ca< 
+ H O appears to replace K O or Na O in mesotype, chnba^ile 
and other minerals of the zeolite family. The isomorphism of 
natrolite and scolezite is so explained: N'a O, Al^ O3, 2Sil 



I 



2H O with 



CaO, AI3O3, 



2SiO„ 3H0. On the other ham 
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it ia strongly argued by JI. T. Scheerer, that one equivalent 
of magnesia ia isomorphous with three equivalents of wat«g^| 
from the equality of the fitrms of cordicrite and a new minen^ 
aspasiolite, the first containing MgO, and the second 3H0 
in its place; and from a review of a considerable number ^H 
alumino-magnesinn minerals. One equivalent of oxide c^^ 
copper, however, is supposed to be replaced by two equivalent 
of water. 

V. CMoriiip Clam. — Chlorine, iodine, bromine, fluorineT 
These four elements form a well-defined natural family. Th^^ 
three first are isomorphous throughout their whole combinatioi^f 
— chlorides witli bromides and iodides, chlorates with bromate« 
and iodfltes, perchlorates with periodates, &c- ; and such fluorides 
also a& can be compared with chlorides appear to affect the ^ame 
forms. The fluoride of calcium of apatite, Ca F, 3(3Ca 0,P OjX 
LB also replaced by the cldoride of calcium. It is conneett 
with the second class through [perchloric acid; the perchlorate 
being strictly isomorphous with the perraanganatCB. But 
formula of these two acids are — 

CI O, and Mn, O,. 
one atom of cMorine replacing twi atoms of manzaneee. Or, 
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thiB dsffs h^ the stimc iBoinorphous relation as the preceding 
dau to the othere: and eucb I shall aBaiime to be ite true 
nJation. Although halving the atomic weight of chlorine, 
which would give two atoms of chlorine to perchloric acid, 
is oot an ixuprobnfale BupjKisition, still it would lead to the 
tmMDt strange conclusion as follows the diviaion of the equl- 
f'alent of sodium, — namely, that chlorine enters into ita other 
compounds, as well as into {lermanganic acid, always in the 
proportion of two atoms; for that clement is never known to 
combine in a less proportion than ia expressed by its presently 
received equfralent. Cyanogen (CjN), although a compound 
bwly, has some claim to enter tliiB clusa, as the cyanides have 
the same form as the chlorides. 

VI. Plwsphorus Class. — Xjtrogen, phosphorus, arsenic, anti- 
mony, and bismuth; also composing a well-marked natural 
group, of which nitrogen and bismuth are the two extremes, 
and of which the analogous compounds exhibit isomorphism. 
Xhese five elements all form gaseous compounds with three 
itna of hydrogen; namely, amtnonio, phosphuretted hydrogen, 

nietted hydrogen, &c. The hydriodates of ammonia and 
of phoephurctted hydrogen are not, however, isomorphous. 
AiBenioua acid and the oxide of antimony, both of which 
contain three atoms of oxygen to one of metal, are doubly 
isomorphous. Arsenious acid also is capable of replacing oxide 
of antimony in tartrate of antimony and potash or tartar emetic, 
without change of form; and arsenic oft«n substitutes antimony 
in its native sulphide. The native sulphide of bismuth (BiSj) 
is also isomorphoufl with the sulphide of antimony (SbS,). 
Nitn»UH acid (NO3), which should correspond with arsenioua 
acid and oxide of antimony, likewi^ acts occasionuUy as a 
base, as in the crystalline compound with sulphuric acid of 
the leaden chambers. The complete isomorpliism of the arac- 
niates and phosphates has already been noticed. But phos- 
phoric acid forma two other classes of salts, the pyrophoe- 
phfttea and metaphosphates, to which arsenic acid supplies no 
leb. 

Thin class of elements is connected with the others by 

of the following links: — Bisulphide of iron is usually 

or of the regular system; but it is dimorphous, and, in 

M 



, Ihe 
Ktoo 

^TTse: 
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■perkise, it paasca into another system, and has tbe form 



arsenide of iron; FeS,. or rather 



Fe,S^ 



being iwmorplioii 



irith Fe, As Sj. Again, bisulphide of iron, in the pentagona 
dodecftbedron of tbe regular system, is iaomorphoua with colmlt 
d^uioe, FcjS^ with Coj AsS,: so that one equivalent of arseniol 
^pearB to be Isomorphous with 2S. Tbia is also supporti-d by 
the idomoqihism of the sulphide of eadmium and sulphide of 
nickel (Cd S and N! S, or Cd, S, and Ni^ Sj), with the arsenid^^ 
of nickel (Nig Ae). Tellurimn had also been ohserrcd in ^M^l 
auDe form as metallic arsenic and antimony. The pboaphoruB 
dasa approximates also to the chlorine class ; 'nitrogen and 
rhloriDe both forming a powerful add with five equi^iilenta 
of oxygen, nitric acid, and chloric acid; hut of tbe many 
nitrstee nod chlorates which can be compared, no two have 
pnjvcd ieomorphous. Xor do the metaphoephales appear at 
kII like the nitrates, although their formula: correspond. ^1 

Xitrc^en, it must be admitted, is bnt loosely attached U^^ 
this class. It b greatly more negative than the other members 
of tbe dasB, approaehiDg oxygen in that character, with whict 
indeed, nitrogen might be grouped. N being equivalent to 2{ 
For while pbosphuretted hydrogen is the hydride of phospho 
ms, or has hydrogen for its negative and phosphorus for it 
positive constituent, ammonia b undoubtedly the nitride 
Hydtngeii, or baa nitrogen for its negative and hydrogen for ita 
positive constituent. The one should be written PHj, and the 



other Hj N — » difierence in constitution which separates these 
bodies very widely. An important consequence of clas^g 
nitrogen with oxygen is, that, in the respective series of com- 
pounds of these elements, cyant^n becomes the analogue of 
carbonic oxide, C3 N being equivalent to C O, or, rather 

Vll. Tm Clou. — Tin, titanium. Connected by the 
morphism of Uluiic acid (Ti O3) in rutile with peroxide of tit 
(Sn Of) in tin-stone. Titanium b connected with iron and the 
second class. Ilmenite and other varieties of titanic iron wbichj 
hftve the crystalline form of the seaquioxide of that metal, — '| 
namely, that of specular iron, and also of corundum (alumina) 
~^u« mixture« of a sesquioxide of titanium (Ti, O,) with ee^- 1 
qiuoztda of iron (H. Rose). 
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Vni. Gold Class. — Gold, which is igomoqthoua with eOver 
m the metallic; atate. Gold will thua be connected, through 
pilver, with sodium and tlie fourth clajis. 

IX. Platinum Clan. — PUtinuui, iridium, osmium. From 
fie ieomoqvbism of their double chlorides. The double bichlo- 
ride of tia and chloride of potassium crystallizes in regidar 
octabedrone, like the double bichloride of platinum and potoa- 
Siom, and other double chloridea of this group; which, although 
not alone sufficient to establish an isomorplious lelatiuu between 
this doss and^the seventh, yet favours Its existence (Dr. Clai'k). 

tie alloy of osmium and iridium (Ir Os) is iaouioqihouB with 
be sulphide of cadmium (Cd S) and sulphide of ulclcel (Ni ti) 
ircitbaupt). 

X. Tungtten Class. — Tungsten, molybdenmn, tantalum, 
pobium, and pelopium. From the isomorphism of the tung- 

>tC8 and molybdates, the salts of tungstic and molybdic aeids, 
^Og and MoOg, Tantalic acid is isomorphous with tungstic 
cid: untalite CFeO, TuOg) with wolii'am (FeO, WO3). So 
molybdic and chromic acids; the tuugstate of lime, tung- 
State of lead, molybdate of lead, and ehromate of lead (in the 
laut usual of its two forms), being oil of the same tbrm. This 
establishes a relation Ijetween molybdie, chromic, sulphuric, 
and other analogous acids". Niobium and pelopium are iu- 
luced iuto tills class as they replace tantalum in the tanta- 
t«8 of Bavaria. 

XI. Carbon Class. — Carbon, boron, silicium. These elo- 
enta are placed together, from a general rcsemblonee which 

hey exhibit without any precise relation. They are not known 
I be isomorphous among themselves, or with any other element, 
icy are non-metallie, and form weak acids with oxygen, — the 
rbonic, consbting of two of oxygen and one of carbon, and 
boric and silicic acids, which arc generally viewed ae corn- 
ed of three of ojtygcn to one of boron and silicium. Silicic 
acid may, perhaps, replace alumina in some minerals, but this 
is uncertain. 

Of the elements which have not been elaased, no isomor- 
relations are known. They are mercury, which in some 

* JubaitoD, Phil. Mag. 3d wriw, vol, zii. p. 387. 
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of ita chemical properties is luialogoas to rilTer, and in others 
to copper, oeriam, didymium, luithanum, lithium, rhodium, 
ruthenium, palladium, and uranium. Ruthenium, however, is 
believed to be isomorphous with rhodium, from the correspon- 
dence in composition of their double chlcoides. Didymium and 
lanthanum are also probably isomorphous with cerium, as they 
appear to replace that metal in cerite. 
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V. 

"PHYSICAL INVESTIGATIONS ON DYEING. 
By M. Chevhell. 



ON THE INFLUENCE THAT TWO COLOURS MAY 

EXERCISE UPON EACH OTHER WHEN 

SEEN SIMULTANEOUSLY. 



Intboduction. 

The investigations 1 have pursued on the subject of dyeing, 
considered in the most general and comprehenBive point of 
riew, may be clotiBcd in t)iree different series. 

^K The first Series embraces, under the bead of physical 

^Bpoqturiet): 

^B 1, All that haa relation to the principle of the eimulta- 

^^hitaa coQtnut of colours: thi^ principle is so infinitely varied, 
H|Bt in spite of my wi»h to concentrate my labours within 
the department of chemistry, ae applicable to dyeing properly 
so called, I have been unable to refrain from directing my 
attention to tbe CBtabllshnient of a theory that might serve as 
a guide in those art« and manufactures, whose object it is to 
challenge attention by the assortment and arrangement of 
eoloura. This w'dl explain how my first article on this subject, 
published in 1828, and printed in the lltb volume of the 
Mfmoires dr FAeademie, led me into a course of inveetigations 
of auch extent that they occupy, together with my previouB 
oLwrratione, an octavo volume of 721 pages, which appeared 
1H39. 
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2. A tKeory of the optical effects of articles of silk. 

3. The exposition of a mode of defining and namingj 
colours according to a rational and experimental method. 

The Second Series comprises investigations which I term I 
phi/sico-c/ufmical, from tlieir depending on the principle ol the I 
mixture of colonra, which come within the department of 
jihj-sics, and being at the same time connected with chemical] 
actions in all those casesj in which the principle has to be 
applied to the fixation of several coloured fubetances on stuSa 
of different kinds, by means of the process of djeing. 

The Third Scries includes my chemical investigations, pro-1 
periy eo called, on dyeing. Six memoirs have already appeared] 
in the Recueil des MSmoires de V Academic, and are as follows. 

First Memoir. An introduction and Ejeneral considerations] 
on dyeing. Vol. XV., p. 383, Memoires de TAcademie. 

Second Memoir, On the proportion of water that variousj 
stuffs absorb in atmospheres of 65, 75, 80, and lOOof Saus-I 
Bore's hygrometer. Vol. XV., p. 409. Introductioa to thol 
third, fourth, fifth, and sixth Memoirs, Vol. XVX, p. 41. 

Third Memoir. On the action of pure water on stuffs dyedj 
with various colouring matters. Vol. XVI,, p. 47. 

Fourth Memoir. The changes effected by light, atmospheriol 
agents, and liydrogen gas on curcuma or tnrmeric, sumach|J 
carthamus, archil, saxon blue (ciulfo-indigotic acid), indigo, and 
Prussian blue, when impressed on cotton, silk, and woollea] 
stuffs. Vol. XVI., p. 53. 

Fijih Memoir. On the changes effected by heat and atmo 
spheric influences on curcuma or turmeric, sumach, carthamus,' 
archil, saxon blue (or sulfo-indigotic acid), indigo, and prusaianJ 
blue, and other colouring matters impressed on cotton, ^Ikf 
and woollen stuffs. Vol. XVI., p. 181. 

Sixth Memoir. On the several changes of colour ei 
nenced by prussian blue when impressed upon different sti: 
Vol. XIX., p. 491. 

An appendix to this Memoir, containing some general con-l 
siderntions and inductions relative to the nature of Uving 
organized beings. J 

Sevtntk Memoir. On the composition of wool; on the' 
theory of clearing wool of the yolk, and some nroperticx de- 
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rived from its compoBitiou, that may influence the arts and 
mADufncIures to wliich it is applied. Read before the Academy, 
April 20, 1840. 

£iglith Memoir. Consi derations on the theory of dyeing, 
maA applications of this theory to the perfection of eovenil 
practical processes in general, and to that of dyeing with indigo 
in the f'lue vat, in particular. Read before the Academy, 
November 23, 1846. 



1, The frequent opportunities I have had of observing the 
very various and strongly contrasting colours, that are required 
to the royal manufactories of tapestry have enabled m'e to make 
some observations, which I trust will not be wholly useless 
to tliosc whose object it is, by means of an assortmeut of 
difierently coloured objects, to produce the beat possible effect 
to please the eye. The phenomena of wliich I shall treat in 
this paper fall under the head of what natui-al philosophers 
t«nu accidental colours, in aceordonee with the term applied 
to ihem by Buffon, who was the first to treat of the subject 
with any degree of detail; before, however, I enter more fully 
into the question, I would direct attention to some of the 
principles of optics that have the most intimate connection 
with the subject of which I am treating. 

2. A ray of solar light is composed of an indeterminate 
anmber of diiFerently coloured rays; since, on tlie one hand, it 
is iropoAsihle to distinguish each in particular, and as, on the 
other, they do not all differ equally from one another, they have 
been divided into groups, to which have been applied the terms 
rttt rays, nranrje rays, yellmo rays, yreeii rays, blue rays, indigo 
rays, and viokl rays. It must not, however, be supposed that 
all the rays comprised in the s.-ime group, ns, for instance, in 
that of the red rays, arc identical in colour. On the contrary, 
ihey arc generally considered as capable of differing more or 
less among themselves, although we recugnise the sensation 
voparntely produced by eacb one as comprised in that which 
we ascribe to red. 

.1. When light is reflcoted by an opaque white body, it 
doe« nut experience any modification in the proportion of the 
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different coloured rays, which conetttutc white light. If this] 
body be not [lolished, each jjoint of ita surface must be considered 
sis mdiating in every direction the light falling upon it; and if 
the body be polished, a regular or e|>ecular reflection will be pro- 
duced, but in this case, as in the former, there wilt be & certain ^^ 
quantity of light reflected irregnlarly, or in every direction. ^M 

4. When the light is reflected by an opatiue coloured body ^ 
there is always: (1) a reflection of white light, (2) a reflection 

of coloured light, which ia owing to the fact that the body 
absorbti or extinguishes in its interior a certain number of^l 
coloured rays, and reflects others. It is evident that the rays^' 
reflected are of a different colour from tboae that have been 
absorbed, and beeides, that if they were combined with theJ 
former, white light would be reproduced. It is this mutual 
relation iKVBScssed by coloured rays of ogmn forming white 
light by their blending together that has led us to term certain < 
of them as complemeittarif of others. Further, it is ev^ident 
that opaque coloured bodies reflect white and coloiired light, 1 
both regularly and irregularly, or only irregularly, according 
as to whether or not they are polished. ^^ 

5. It would be erroneous to suppose that a red or a yellow ^| 
body reflected, besides white light, only red or yellow rays; 
each of these bodies reflects, besides, all kinds of coloured rays; 
but those rays, which make us believe it to be red or yellow,^ 
being more numerous than the others, produce a greater effect;| 
these other rays exercise, liowever, an incontestible influencaj 
Id modifying the action of the red or yellow rays upon ourl 
organs of vision, and this will explain the innumerable diffe- 
rences of shade which we remark among different red and'^ 
difl'erent yellow bodies, &c. 

6. I shall explain in my first paragraph: 

1. The manner of observing the phenomena treated of' 
in thiq memoir: 

2. The law of these phenomena, and the formula re- 1 
presenting them: 

3. The ai>plication of the law to a certain nmuber of^ 
these phenomena: 

4. The effect of colours uiwn white, and reciprocally ' 
of white upon colours: 
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5. The effect of colours upou black, and reciprocally 
of black upon colours: 

6. The influence of the chejnical nature of coloured 
bodies upon the phenomena observed: 

7. The reciprocal iuflneuce of different kinds of colours 
belonging to the saote group : 

8. The interpretation of the phenomeuEi on the hypo- 
thesis that the red, yellow, and blue are simple colours, 
and that the orange, green, indigo, and violet are compound 
colours: 

9. The connection between my observations on acci- 
dental colours and those made by earlier observers: 

10. The physiological cause to which the explanation of 
accidental colours is referred. 

I shall treat in a second paragraph of some applications of 
tbc preceding observations. 

^^KrtICLE I. — Matiiter of observing the Phenomena treated of in 
^H thii Memoir. 

^^ 7. If we look simultaneously at two narrow zones of 
different colour placed side 



by ride, the colours will lie 
more or less modified. The 
following is a very simple 
manner of convincing our- 
oelvcs of this proposition. 

8. We take two bauds, 
O and O', (fig. \) of the same 
colour and identical, and two 
other bonds, P and p', of an- 
other colour and identical, 
'hey must be 0'5 inch in 
idth, and 2-5 inches in 
They may be formed 
some stuff, or of paper, or 
ribbon, of the width I have 



F'B. 1. 



I 
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indicated. We then paate 
put o at the distiLucc of ^th of an inch and the band p 
sHch a manner that it sliall touch o: and finally paste on 
at the distance of-^Lth of an inch from p. 

9. Now if we look at the card in a certain iMrection 
during some seconds, we shall almost always sec four <lifferentl]j 
coloured bande. It must be observed that o' and p' ser 
as terms of comparisons to judge of the modifications ei 
rienced by o and p in their juxta-poeition. 

10, I give seventeen observations by way of illustration: 

Coloun lUDd in Ihe 

B«d 

Ofange 

Red 

Yellow 

B«d _ 

Bine 

B«l 

Indigo 

Bed 

Violet 

Onmea 

YeUow 

Orange 

Green 

Orange 

Indigo 

Orange 

Violet 

YeUow 

Green.... 

TTellow 

Blue „. 

Green 

Bloe 

Green,.,. 

Indigo 

Green.... 

Violet 

Bine . 

Indigo 

Blue 

Violet 

Indigo 

Violet 





Modification. 


incUning 


to violet. ^m 


» 


j'eltow. ^M 


n 


violet, or lees yellow. 


» 


green, or loss red. 


n 


jelluw. ^H 


n 


greea. ^H 


41 


yellow, ^^H 


II 


^^M 


n 


yellow. ^H 


It 


indigo. ^1 


n 


red. 


It 


bright green, or los red. 


n 


red. 


11 


blue. 


m 


fellow, or less brown. 


H 


blue, or brighter indigOL 


II 


yellow, or less brown. 


II 


iodigo. 


II 


brilliant orange. 


W 


blue. 


VI 


orange. 


» 


indigo. 


I> 


yellow. 


» 


indigo. 


11 


yellow. 


It 


violet. 


11 


yellow. 


n 


red. 


*i 


green. 


It 


deep violet. 


It 


green. 


H 


red. 
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Before I proceed further, I woiild wish to draw atten- 

one of the moat important observations recorded 'la this 

r; namely, that C/ie reciprocal modifications of colours are 

nited fo the casp where the modifi/ijig coloured zones are 

Eous to one another, for they may he observed even when the 
re separated. The following experiment will ahow this 
■Ively: take two stripes of the same blue paper, o, o', 
i) and two Btrijies of the same green paper, p, p'. The 

Fig. 3. 




■md green muiit be of the same height of tone. The 
■ nre to he 4 inches in length, and 0'8 inch in width, 
s them parallel to one another, in euch a manner that o is 
l_*44 inch from v, o' at 0-28 inch from o, and Jinally p' at 
Bch from p. Standing then at six paces from the card, 
ill see the colours modified: o will be of a less green 
ban o', and p will be of a green more yellow than p'. 

frequently have occasion to revert to this remarkable 
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A&TICLE II. — Law of the preceding Phenomena, imd tht Formula^ 
repn-senting tliem. 



12. Ai^er hiiviag satisfied myself that the ubove-^uentioDed 
phenoniena were wuetaatly presented to luy «ight vihen not 
fatigued, and that many persons accustomed to judge of colours 
saw them as I did, I endeavoured to reduce them to some 
sufficiently general expression to enable one to foresee the 
effect that would be produced upon the organ of eight by the 
juxtaposition of two given colours. All the phenomena that 
I have observed seem to me to depend upon a very simple law, 
which, taken in its most general signification, may be expressed 
in these terms: in the case of the eye seeing at the same time two 
colours which are in contact, they will appear as dissimilar ati 
possible. 

13. From what I have said of the compleuentary colours, 
it is evident that the colour of the stripe o (fig. 1) will differ 
as much as possible from that of tlie stripe p, when the com- 
plementary colour of P is added to the colour of o; in like 
manner, the colour of p will differ in the greatest possible 
degree from the colour of O, when the complementary colour 
of the latter is added to the colour of p. Consequently in 
order to know what the two colours o and p will be when in 
juxtaposition, it will be aufficicnt to find the complementary 
colour of p and add it to the colour o, and the complementiLry 
colour of o and add it to p. 

14. An analogous rcsidt would be obtained by taking the 
colour P fttjm o, and o from p. 

13. Let UB represent 

The colour of the stripe o by a, more white by B. 
The colour of the stripe T by a', more white by a'. 
Tlie complementary colour of a by c. 
The complementary colour of a' by if. 



^ 



I 



Considered according to the first manner of seeing them 
the colours of the two stripes seen separately will be: 

Colour of o=a + B. 
Colour of P=a'+ b'. 
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Tbey vill become by juxtaposition as follows; 

Colour of 0=:n + B + c'. 
Colour of P = a' + b' + c. 

According to the second method of seeing them (14) we 

aoppoee 

, , , (white = 6. 

B reduced to two portions = | ^ ^^^.^^ ^ ^^^^,^ 

, , , . fwhite = b' 

B reduced to two portions = / . ... , . \ 
'^ \+ white = {a + c}. 

The colours of the two stripes seen separately will be: 

Colour of o=a + A+(i'+c' 
Colour of P=a'+i'+a+c; 

Ihey will become by juxtaposition as follows: 

Colour of o=a + 6 +<;' 
Colour of p= «' + i' + c. 

The results ore the same excepting tliat tliere is less white 
in this case than in the other. 



Abticle IIL — Application t^ the Lato to the seventeen Obiervn- 
tiong of Article I, 

Orange and green. 

16. Blue (the complementary colour to orange) on being 
added to green mokes the latter incline towards n bluish tint, 
or render* it less yellow. 

Red (the complementary colour to green) when iidded to 
onuige makes the latter incline towards a reddieh tint, or makes 
it less yellow. 

Orange and indigo. 

17. Blue (the complementary colour to orange) when 
■ddod to indigo makes it incline towards a blue tint) or renders 
it lees red. 

Yoilow incUnmg to orange (the complementary colour to 
indigo) mnkea orange incline towards yellow, or makes it leas 
red. 
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Orange and violet. 

18. Blue (the complementary colour to omnge) 
violet incline lowarda indigo. 

Yellow inclining towtirda green (the complementary colour 
to violet) makes orange incline towards a yellow tone 
colour. 

Green and indigo. 

19. Red (tlie CDm|)lementiuy colour to green) when adde 
lo indigo renders it more violet, or more red- 
Yellow ict'lirung to omnge (the complemcntarv colour 

indigo) on being added to green causea it to incline towar 
yellow. 

Green and violet. 

20. Red (the complementary colour to green) on beir 
added to violet gives it a redder tinge. 

Yellow inclining to green (the complemeutary colou 
to violet) on being added to green makes it incline 
yellow. 

Orange and red. 

21. Blue (the complementary colour to orange) on beiti^ 
added to red makes it incline towards violet. 

Green (the complementary colour to red) makes orange 
incline towards yellow. 
Violet and red. 

22. Yellow inclining to green (the complemenlar}- colon 
to riolet) on being added to red makeis it incline to orange. 

Green (the comiilemcntary colour to red) causes violet 
incline towards indiga 
Indigo and red. 

23. Yellow inclining to orange (the complementary colou^ 
to indigo) on being added to red, causes it to incline towards 
orange. 

Green (the complementary colour to red) makes indigd 
incline to blue. 

Orange and yellow. 

24. Blue (the complementary colour to oi-ange) make 
yellow incline to green. 

Indigo inclining to violet (the complementary colour ic 
yellow) give a reddish tinge to orange. 
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Green and yellow. 
25. Red (the complementary coloiir to green) on being 
added to yellofv makes it iodine to orange. 

Indigo inclining to violet (the complementary colour to 
yellow) makes green incline towarda blue. 
Green and blue. 
36. Red (the complementary colour to green) on being 
idded to blue makea it incline towards indigo. 

Orange (the complementary colour to blue) on being added 
to green makes it ineline towards yellow. 
Violet and blue. 

27. Yellow inclining to green (the coniplementarj' colour 
to violet) makes blue incline to green. 

Orange (the complementary colour to blue) on being added 
to Tiolet makes it incline to red. 
Indigo and blue. 

28. Yellow inclining to orange (the complementary colour 
to indigo) on being added to blue makes it incline to green, 

Orange (the complementary colour to blue) on being added 
to iadigo makes it incline to violet. 
Red and yellow. 

29. Green (the complementary colour to red) on being 
added to yellow makes it incline to green. 

Indigo inclining to violet (the complementary colour to 
jrdlow) makes red incline to violet. 
Red and blue. 

30. Green (the complementary colour to re<l) on being 
added to blue makes it incline towai-ds green. 

Oruige (the complementary colour to blue) on being added 
to red makes it incline towards orange. 
Yellow and blue. 

.11. Indigo inclining to violet (the complementary coluur 
to fin orange yellow) make« lilue incline towards indigo. 

Orange (the complementary colour to blue) makee yellow 
incline towards orange. 
Indigo and violet. 

3X. Yellow inclining to orange (the complcmentarj' colour 
to indigo) on being mlded to violet makes it incline towards 
-ed. 
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Yellow inclining to green (the complementary colour 
violelj on being added to indigo makes it incline towards blu& 

33. It is evident that, other tfiiiiga being the same, 
modification of colours in jiixtajiogition will be more mark< 
in proportion to the difference between the complemen 
colours (c or c) added to each; for supposing that the 
plemeotary colour e' added to O be identical with it, aa would 
be the case with the complementarji' colour c added to t! 
colour p, the modifications of o and p would be confined 
a mere augmentation in the intensity of the colour. But 
we know at the present day any two coloured bodies capab 
of presenting to our view two perfectly pure colotu^ comple- 
mentary to each other? Assuredly not. All that we observe 
coloured by reflection transmit, as I have already remarked (5), 
besides white light, a great number of differently coloured 
rays. We are not, therefore, able at present to nnme a n 
body and a green body, or an orange body and a blue bod^J 
or a body of a yellow inclining to orange and an indig 
coloured body, or, finally, a body of a yellow inclining 
green and a violet-coloured body, reflecting colours that ai 
perfectly pure and complementary to each other, so that ihelr 
juxtaposition shall merely occasion a simple augmentation of 
intensity in colour. If, therefore, it be less easy in general 
verify the law of contrast with respect to red and green bodi> 
or orange-coloured and blue bodies, ifc, than with reference 
those of which I have treated in the seventeen observations,' 
detuled at (10), we shall find that, in endeavouring to establish 
this law for the first-named bodies, their colours will acqui 
the most remarkable splendour, vivacity, and pimty, and t 
result, which is perfectly conformable to the law, will be easil; 
understood, since any object, for instance, of an orange colo' 
reflects blue rays in the same mimner as an object of a blue' 
colour reflects orange rays (5). Thus, it is evident that when 
you place a blue stripe in contact vrtth one of an orange coloui^^f 
the colours of the two objects in juxtaposition will be mutually^ 
purified and rendered more brilliant, whether this arise from 
the first-named stripe imbibing blue from the vicinity of the 
second, as that again receives orange from the vicinity of the 
blue stripe (13), or whether we aasmaa that tha bUni atrit 
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I the effect of the blue raya of the eecond stripe, as 
"destroya the effect of the orange rays coining from the 
blue etripe (14). It may, however, happen that the blue 
appears to incline to green or violet, and the orange to yellow 
or red, that is to say, that the mo^fication is not limited to 
lateneity of colour, but extends likewise to the physical com- 
poeition; whatever the case may be, if the latter effect be pro- 
duced, it will incontestibly be much more feeble than the 
former, and furthermore, on looking a certain number of times 
at the same coloured stripes, you will observe that the blue, 
which at first appeared more green, will soon appear more violet, 
and that the orange, which had at first seemed to be more 
yellow, will soon appear to be more red, so that the phenomenon 
of modification, which dcj>6nds upon the physical composition 
of the colour, will not be so constant as those which are treated 
'in the seventeen preceding observations (10). 
I will, however, detail the observations that I have made 
upon bodies whose colours are nearly complementary to each 
I other. 

^H Red and green. 

^1 34. Bed (the complementary colour to green) on being 
[ added to red increases its intensity. 

Green (the complementary colour to red) on being added 
to green increases its intensity. 
Such is the theoretical result. 

The practical result is generally in conformity with it, when 
I green inclining to yellow is brought in juxtaposition with; 
1. A red inclining to orange. 
3. A crimson red. 
3. An intermediate red. 

In repeating these observations upon each of these assem- 
;es of colour a certain number of times, different results 
nugbt be noticed, that is to say, in one case, the red may ap- 
pear more orange, and the green more yeUow, and in another, 
tlie red may appear more violet, and the green more blue, and 
it may be obsen'cd, that this change may be attributed 
netimee to a difference in the intensity of the light shining 
the colours, and sometimes, agiun, to fatigue of the 
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On briagii^ a gracft rfa tern jcDow or inof« Uae 

in juxtspONtioii with: 

1. A red (DcHaii^ to gnage, 

2. A crimson red, 

3. An iDtermediaie red. 
the re§ulU will be the eune as in tbe case of ibe first green, 
with thit) diUcreoce, liotrcrer, tliat in the blending of tbe blu 
green, and the cjimson red, when obeer^ed a eertain number o: 
UmcB, the green and the red will appear almoet constantly mo: 
yellow than they are separately, a result which may easily 
ooBoeiTcd. 

Orange and blue. 

3.5. Blue, (the complementary colour to orange,) on be!: 
added to blue, increo^^d its intensity. 

Orange, (the complementary colour to bluOi) on being added 
to orange,) increases ila intensity. 

On repeating these experiments with a deep blue and 
onuigo, which ia not too red, the two colours will appear most^ 
Trequontly to asBimic a reddish tinge, otherwise one might 
obeervo the oontmry. 

YoUow, inclining to orange, and indiga | 

36. Yellow, inclining to orange, (the complementary colour 
to indigo.) adds intensity to a yellow inclining to orange. 

Indigii (the complementary colour to yellow inclining 
orange,) adds intensity to indigo when oilded to it. 

The results of observation and tlicofj' arc almost invaiiabl 
in accordance with one another. 

37. Yellow, iDclining M green, ^ihe iH>m(iIementary colour 
to violet,) on l>eing added to the sanu^ eok^iir gives it intensity. 

Violet (the ooniplemcnlary c»>lour in yellow inclining to 
green,) givoe intetisily to violet when mlJi-il to it. 

The result of the «xporimeut is alnioet always in coaformit 
with the law. 

Article iy.~<^tktlijff*^ifOihmnig>m White, and 

3A. If tKc Uw. whioh \ hav« fttnady ratHhtislicd, be cor-1 
reel, it will bo undet^hxHl that wKiM itwlf will bo afivcted by 
ih* jwMcnce vt c«tkwu« ; (kw If yw* bring • w>kwir •• in juxla- . 
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piwition with white, the latter will appear sb'^tly coloured by 
ihe complementary colour to o, although it must be owned that 
the colour ia too feeble to be determined with complete cer- 
tainty. I have, therefore, contented myself with observing if 
the colour complementary to the colour used in the experiment 
corresponded with the tint aa Be«n by my eyes upon the wlute 
stripe opposed to the coloured one. 
Red and white. 

39. Green (the complementary colour to red,) blends with 
Ihe white 

Red appears more brilliant and deeper. 
Orange and white. 

40. Blue (the complementary colour to orange,) blenda 
with the white. 

Orange appears more brilliant, and of a deeper colour. 
Yellow inclining to green, and white. 

41. Violet (the complementary colour to yellow inclining 
I green,) blende with white. 

Yellow appears more brilliant and deeper. 
Green and white. 

42. Red (the complemenlary colour to green,) blends with 
wUte. 

Green appears more brilliant and deeper. 
Blue and white, 

43. Orange (the complementary colour to blue,) blends 
nth white. 

Blue appears more brilliant, deeper, and perhaps more green- 
Indigo and white. 

44. Yellow, inL-lining to orange, (the complementary 
otJour to indigo,) blends with white. 

Indigo appears more brilliant and deeper. 
Violet and white. 

45. Yellow, inclining to green, (the complementary eoloiu- 
violet,) blends with white. 
Violet appears m-ire brilliant and deeper. 

Block and while. 
46. Block and white, which mny, in some degree, be con- 
eidered as complementary to each other become, eonPormably to 
th« law, more diiferent from each other than when seen eepa- 

NS 
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nttely, and thb is owing to the effect of the white light reflected 
by the black, being more or less destroyed by the light of the 
while band. By an analogous action white heightens the tone 
of the colours with which it is brought in juxtaposition. 

Article V.— 0/" the Effect of Colours upon Black, and 
reeiprocaUy of Black upon Colours. 

47. The phenomena presented by black, when exposed 
the influence of colours, appears to me to be owing to tl 
colour with which it is brought io contact, acting, relative!] 
to the eye, upon the while light reflected by the black surface^ 
in the same manner as if it were brought in juxtaposition with 
a white surface. According to this, the black should 
tinged by the complementary tone of the colour touching 
and as the tinge which it assumes is not weakened by so muc 
white light, as in the case where the colour is brought in con 
tact with white, it must to be so much the more striking. On' 
the other hand, as white heightens the tone of colours brought 
in contact with it, black, on the contrary, tends to moke them 
lighter. The tone of black must depend (1) upon the colour 
added to it; thus, for instance, an orange-coloured red, an 
orange-coloured yellow, or a yellowish green, will brighten it, 
whilst indigo, even if it does not heighten the tone, will at any 
rate not reduce it as the firet-named colours. (2) Upon the 
force or brilliancy of the colour in juxtaposition with it; thus 
bright colours, like orange and yellow, will tend by their 
brilliancy to add force to block, whilst sombre colours, such oa 
blue and indigo, do not produce a similar effect. 

Ked and black. 

48. Green (the complementary colour to red,) blends wit 
black, and makes it appear less reddish. 

The red becomes more brilliant, and has less of an or 
or brown tone of colour. 
Orange and black. 

49. Blue (the complementary colour to orange,) blend 
with black, and makes it appear less red or more blue. 

The orange becomes brighter and yellower, or lees brownish. 

Yellow, inclining to green and black. 
60. Violet (the complementary cole 
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low,) bIeDd» with black, and the latter then acquirea a violet- 
ooloured hue. 

The yellow appears brighter, more greenish, or lighter. 
Green and block. 

51. Red (the complementary colour to green,) blends with 
black, rendering it more violet or reddiah. 

The green inclines slightly to yellow. 
Blue and black. 

52. Orange (the complementary colour to blue,) bletidi 
with black, and brightens it. 

The blue inchnei; slightly to green. 
Indigo and black. 

53. Yellow, inclining to orange, (the complementary colour 
to indigo,) blends with black, and brightens it considerably. 

The indigo becomes brighter. 

Violet and black. 
.54. Yellow, inclining to green, (the complementary colour 
to violet,) blends with black, and brightens it. 

The violet becomes more brilliant, lighter, and redder. 

ASTICLE VL — Upon the tnjiuenet of the Chemical nature of 
coloured Bodies upon the Plunomena observed. 

55. It is necessary to examine into the influence exercised 
by the chemical nature of coloured boiUes m juxtaposition on 
th^ reciprocal modifications. The result at which I have 
arrived is, that all the above-named modifications occur, let the 
chemical nature of the coloured bodies in juxtaposition be what 
it may, provided always, that the coloured eubstancea that are 
mbBtitutcd for one another, are identical in colour. 

ExA3iPLE. — The results were the same in using indigo for 
Pruasiao blue or nltnunarine ; likewise in substituting stripes 
of orange coloured with minium for stripes coloured with anotto 
or with woad-yellow reddened either by madder or cochi- 
BcoL 
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ICIE Vn. — On the Reciprocal Iiifiuence of different kinds 
of Colours appertaining to the same Group. 

5ft, Whenever a great difference is produced by the juxta- 
<a of two colours, it is rendered appreciable by bringing 
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the same colour succewively in contact with the rftrioua 
belongiDg to one group, lor example : 

1. Red aiid orange. 
67. On placing a scarlet, or a crimBoii red in contact wi 

at) orange, the red will invariably acquire a purple, and the 
orange a yellow tone of colour. i 

2. Bed and violet 

58. Analogous results are obtained on bringing a scarlet 
and crioisou red in contact with violet. The latter will appear 
to be bluer, and the red more yellow or lesa puqile. 

59. These ob6er\'ationa will clearly exjilain the canse of oi 
obtaining reaulte conformable to the formula, notwithstam 
that colours or papers may have been used far from prescntl 
to the eye any very true colours. 

60. The juxtaposition of coloured stripes affords a m 
of demons tinting the diiGcultj of fixing the type of colours, 
thus: 

1. On taking red and bringing it in contact with aa 
orange-coloured red, the former n'ill appear purple and tli<|H 
latter more yellow, as I have already remarked; but on^ 
placing the first-named red in contact with a purple red, the 
latter will become more blue, and the former more yellow 
or orange, so that the same red will be purple iu one < 
and orange in tbe other. 

2. On taking yellow and putting it in juxtapositlo 
with an orange-coloured yellow, tbe former will app 
greenish and tlie latter more red; but again, on bringiE 
the first-named yellow in contact with a greenish yellovJ 
the latter will appear greener and the former more orange, 
so that the same colour will, in one case, incline to grcea 
and in another to orange. ^M 

3. On taking blue and placing it in contact witS^ 
greenish blue, the former will incline to violet, and the 
latter will appear more yellow. If the same blue t>^| 
brought in contact with a violet blue, the former will incline 

to green and the latter will appear more red; so that 
the same blue will liave a violet tinge in one case, and 
greenish hue in the other. 

61. Wc thus ttee that thotte colours which are termed by 
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piunters simple or primitive, aa red, yellow, and blue, inaensiblj 
pass by the effect of juxtupoeition into the conditioD of com- 
pound colours, the same red becoming purple or orange, the 
mne yellow orange or greeD, und the same blue appearing 
; «tber to be greeu or violet. 

Abticle VHI. — On the Interpretation of these Phenomena on 
tJie Hifpothesis that Red, Yellow, and Blue are Simple Colours, 
crnd Orange, Green, Indigo, and Violet are Compound 
Colours. 

62. The instances in which I have applied the principle of 

the modiiicatioD that colours experience by juxtaposition, and 

ihu explanation resulting from the manner in which we consider 

the composition of white light physically, are further elucidated 

by the terms adopted by painters and dyers, who only admit of 

three primitive colours, red, yellow, and blue. As there may 

bo many who entertnia the same opinion, but who might, 

nevertheless, wish to understand the phenomena resulting from 

^thc juxtaposition of colours, I will proceed to give an explana- 

|tion of them, conforming to the terms commonly used; and, for 

the soke of perspicuity, 1 purpose dividing the whole into five 

^groups, beginning with those which comprehend the observo- 

Ltions to which the above-named law moat readily applies. I 

rill BUppose, then, that orange is formed of red and yellow, 

green of ycUow and blue, and indigo and violet of blue and 

First Group. Two compound colours having a simple 
oluor OS their common clement. 

It is very easy to verify the law by observing two colours 

ijirehcnded in this group : we perceive tliat, owing to their 

reciprocal influence, they lose more or less of the colour 

fCommon to both ; and it is therefore e«dcnt that the degree in 

which they differ will bo proportionate to the amount uf this 

loee. 

1. Orange and green. 
bcM two colours, which have yellow a« a common element, 
i( by jiixtnpoaitioD, thua: the orange will appear more red 
' the green more fdue. 
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2. Orange and indigo. 
These two colours, which have red as their common element, 

loM it by juxtaposition: the orange appearing more yelloio and 
the indigo more blue, 

3. Orange and violet. 
As the preceding. 

4. Green and indigo. 
These two colours, which have blue as their common 

element, lose it by Juxtaposition : the green appearing gellouxr 
and the indigo redder. 

5. Green and violet. 
Like the preceding. 
Second Group. A compound colour, composed of one 

simple and one compound colour. 

1. Orange and red. 
The orange loses its redness and appears yellower, and the red 

becomes more blue, differing as much as posable from orange- 

2. Violet and red. I 
Violet loses its redness and appe.nrs more blue, the red 

becomes yellow, differing aa much as possible from violet 

3. Indigo and red. 
Like the preceding. 

4. Orange and yellow. 
Orange loses its yellow trage and becomes redder, red 

becomes more blue, differing as much as possible from orange. 

5. Green and yellow. 

Green loses its yellow tinge and appears more blue, tfao. 
yellow becomes red, differing as much as possible from green. 

6. Green and blue. 
Green loses its blue tinge and becomes yellower, the blu( 

becomes red, differing as much as possible from green. 

7. Violet and blue. 
Violet loses its blue tinge and appears redder, the blue 

becomes yellow, differing as much aa possible from violet. 

8. Indigo and blue. 
Like the preceding. 
Tltird Group. Two simple colours. 

1. Red and yellow. 
Red, on losing yellow, will appear more blue, and yellow. 
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r lodng red, will appear more blue ; or, in other words, the red in- 

h^mo to purple and the yellow Co green. 

^B 2. Red and blue. 

^H Red, on loaing blue, will appear yellower, and blue, on 

HHng red, will appear yellower; or, in other words, the red 

HHHnei to orantje and the blue to green, 

^H 3. Yellow and blue. 

^H Yellow, on losing ila blue, will appear redder, and blue, on 

^iDBiDg yellow, will appear more violet ; or, in other words, the 

, yellow inclines to orange and the blue to violet. 

^K Fourth Group. Two compound colours having the same 

^^KDple colours. 

^B Indigo and violet. 

^^ A» indigo only differs from violet in containing n larger 
proportion of blue in comparison with the red, it follows that 

[ the difference will be very considerably increased by the indigo 
losing red and inclining to a greenish blue, whilst the violet, 
aciuiring more red, will incline to that colour. It is evident 
Uiat if the violet lost its red, or the indigo gained more red, the 
two colours would approximate: but as they vary from one 
other the first-named effect will be produced. 
"We may further explain this phenomenon by considering 
indigo relatively to violet as blue; thus it will loae its blue, 
.t being common to both colours, and will incline to green. 
Fifth Group. A compound colour and a simple colour 
which docs not occur in it. 

If we adopt the hypothesis that orange, green, indigo, and 
ilet are compound, and red, blue, and yellow simple colours. 
It necessarily follows, that, on bringing one of the four com- 
pound colours (supposed to be perfectly free from any admixture 
with a colour foreign to its two elementary colours) in contact 
with one of the three simple colours not comprised in ita 
composition, we do not see any reason, by which to explain 
the loss sustained by the compound colour of one, rather than 
of another of its elementary colours, and why the simple colour 
uld be removed from one rather than another of the elemcn- 
colours. For instance, on placing green in contact with 
re<l, there aeems no reason that the green should tend towards 
blue rather than yellow, or why the red should incUne to blue 
rather than to yellow. 
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AktiCLE IX. — Ox f*r eo m iK ct wH existing betwten my Obie 
vatknu tmJ Utote prmoiuhf made by Nutural Philosopkiirs. 

63. Baffon* ww ibe fir^ who described, ander the nan 
of accidental oolouis, several pheoomena of tisiod, which, 
according to his ejq>IaiiatioD, are all so far anaiogoua, that 
thty remit from too great vibration, or from fatigue of l/ie eye, 
differing in this req>ect from the colours under which thoojfl 
bodies appear, which are coloured in a com^tant maune^^ 
whether they decorapoee light by acting upon it by reflection, 
refraction, or infUetion. 

64. Accidental colours may arise from different ca.v 
for example, they may be perceived under the following 
cumstancea. 

1. When the eye is compressed in the dark: 

2. In consequence of a blow on tlie eye: 

3. When the eyca arc closed after having been for] 
moment fixed upon the sun: 

4. When the eyes are fixed upon a small square pie 
of coloured paper Imd on a white ground; if the square be 
red it will ap]«;ar bordered by a faint green; if yellow it 
will be bordered by blue; if green by a purplish white; 

if blue by a reddish whit£; and if black by a vivid white: ^| 

6. 11", after having observed the preceding phenomena 
for a considerable time, we turn our eyes to the whit e 
ground in such a manner as no longer to eee the flma]^| 
square of coloiired paper, we shall perceive a stjuare of ail 
extent equal to the former, and of the same colour as that 
which bordered the small square in the preceding ex 
riment (4). 

65. I could cite many other instaocee in which accidenti 
colour* are produced, if I did not fear departing too far from th< 
principal object I had in view in my memoir, which was to 
give an exposition of the law regulating the modi^cations muhially^^ 
experimetd hy differently coloured bodies in Juxtaposition and w/tei^^^ 
leen nmultaneously ; before proceeding further, I must, however, 
direct psuiioulttr attention to the didtinetinn of the two cir- 
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cumstaiices, 4 and 5, in which BufTon observed accidental 
colours. 

66. I tni^ that I shall be able to prove, by means of the 
details ioto which I am about to enter, that, owing to thia 
want of attention, one of the subjecta of optica admitting of 
the most comprehensive application haa not generally been 
treated with the precision and cleomcae necessary to exhibit 
its importance to those who, without having made any obser- 
vations upon the subject, have confined themselves to a mere 
perusal of what has been written upon it. This distinction is 
further necessary for the appreciation of the new facta that 
my researclicB have added to the history of vision: I will 
dengnate by the term simultaneous contrast the modification 
of colour and height of tone experienced by two differently 
coloured objects when seen simultaneously; by way of oppo 
sition, I will apply the term xuccessive contrast to the phenomena 
oboerved when the eyes, after having looked for a certain time 
at one or more coloured objects, perceive images of a colour 
complementary to that which appertains to each of these 
objects. It is doubtless superfluous to remark that the fourth 
instauce above-mentioned appertains to a simultaneous contrast, 
whilst the fifth refers to a successive contrast. I shall notice 
the principal worka and experiments instituted with reference 
to accidental colours. 

67. Father Schcrffer, in 1754, laid much stress upon the 
phenomena apjrcrtainJng to a successive contrast, demonstrating 
that a given colour produced an iiccidcntal colour, that, namely, 
which wc now call its cump/cmmluri/ colour, and by tlija law 
he rectified several observations of Buffun. Not content with 
tiiis, he sought to explain the cause of the phenomenon, in the 
Ruuincr I shall explain in the following article. He only 
elighlly touched upon a sinitiltaneous contrast. (See his memoir, 
f XV., Journal de Physique, t. xxvi.) 

68. Spinas* and Darwinf also turned their attention to 
ft sutcetsive contrast. 



' Mraioirti ifa I'AoaMmie tie Pilertbourg cl JoanuU i/« Pli^tu/ue, aitnce l7tU>, 

i.uTi.,p. ail. 

♦ fkUotoiAiral Trantucltont, Vi)l. IxKvi. 17*5. 
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69. Count Rumford* made Bimultaneoiu contrast an object ' 
of experiment and observation (3), and to tbesc reaearchea I. 
must refer, since they are more nearly analogous with my own I 
than any other that have been made upon the subject. It was 
demonstrated by Count Kumford, after ha^-ing observed that^ 
a shadow in a ray of coloured light, (illumined by a ray of^| 
white light of equal intensity with the former,) appeared tinged 
with the complementary colour of the coloured ray, when it waa 
near a shadow of equal size produced in the white ray illumined 
by the red ray : 

(I.) That the result is the same when the ray of I 
coloured light is replaced by light transmitted through »] 
glass, or any other coloured medium, or by the coloured| 
light reflected by an opaque coloured body. 

(2.) That if, in a circle of white paper placed upon ftj 
large sheet of paper, lying on the floor of a room, two banda f 
of paper 6 lines in width and 2 inches in length be laid side 
by side, one being covered with a powder of the colour A, , 
whilst the other is covered with a powder composed of white- ^| 
lead and lamp-blocfe in such a proportion that the light re- 
fleeted from this powder is equal in intensity to the coloured 
light of A, a person looking with one eye through his hand J 
at these two stripes will see the one covered with gray' 
powder tinged by the complementary colour of A, which 
will be as brilliant as a itself. 

The author remarks that, in order to prosecute this expe-l 
riment successfully, it is necessary to take many precautions, | 
not only to avoid the light reflected from neighbouring objects,^ 
but also to procure a gray capable of reflecting a light equal inJ 
intensity to the coloured light. He observes that the difficulties] 
are very great if colours be taken that have been ground in oil,J 
owing to the latter giving a brown tinge to these colours, whicb.^ 
never retain the purity of the colours of the spectrum. 

70. If it be true that the experiments of Rumford cor- 1 
respond to those 1 luive made upon colours in connection with^ 
black and white, and that they afford a particular instance I 

* Experiment upon Colonred Sbadowa; Conjectares on the Prinriplea of J 
the Hartnon; of Colouri, Rumford'a PAiIoiopA. Paptri, &c^ vol. i. London, f 
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of the law of contrast as I have established it, it is not less 
to that the law cannot be educed without making the series of 
experiments which I have prosecuted. For as the experiments 
of Rumford comprised the maximum of the phenomenon, it 
could not be affirmed that, under ordinary circumstances, there 
would be not only a modification of wliite and black by colours 
is juxtaposition, but also a modiGcation of the latter. We 
have actually seen that colours brought in contact with wlute 
become deeper, and that they grow fainter when in contact 
with black, the contrast as I have demonstrated embracing 
both colour and the height of tone in the colour. 

71. Struck by observing in his experiments, that a coloured 
ray developed its complementary colour, Rumford laid it down 
as a principle, that two colours to be in harmony must hoth present 
the rctpcclive proportions of the coloured light necessary to form 
white. And he therefore recommended ribbons destined for 
the toilet of ladies, and the colours in furniture, to be assorted 
in accordance with this law. He likewise thinks that painters 
may derive much benefit from an acquaintance with the prin- 
ciple; it is erident, however, that this law of the harmony of 
Colours proposed by Rumford is nothing more thau an ingenious 
invention of fancy, and that aa he laid it down, it could not 
tery eoaily be made to throw light upon the practice of paint- 
ing. I shall, however, revert to this point in treating of the 
applications of my own labours; in the meanwhile I would draw 
attention to the fact, that Rumford has not made any experi- 
ment demonstrating the influence of two colours in juxtaposition, 
or more generally, of two colours seen simultaneously. 

72. M, Prieui", of the Cote-d^Or, is the author that has 
treated most recently of accidental colours*. He bas turned 
his attention to these phenomena, under the name of contrasts, 
which exclusively refer to simultanroiit rmitratt; for instance, 
A small stripe of orange paper appears red when laid upon 
A yellow ground, whilst it will appear yellow upon a red 
ground: according to the principle laid down by the author, 
the accidental colour of the etrii>c must be that resulting 
from its own colour, without abstracting from it that of the 
ground. Il seems, remarks he, that a certain fatigue of the eye, 

' Antmlti dt Cfttmlr, t. liv, p. S. 
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tohetker produced I'lutarttaTtroKily by the intmaity of the light, or 
man tlotcly by the priAongcd vision, cimcurt in producing ihrte ^^ 
appearaiuxt. He admits, howerer, that excetnve fatigue in Mc^| 
organ urould oeeation a defffneration of t/ie colours betortying to 
another teale. And he finally adds, that the colours temied aeci- 
denial by Buffon, and on the subject of tehick Scheiffer hat giren 
an intrrrfting memoir, belong to the chug of contratlx, or at least 
constantly follow the tuimc law. It is evident that M. Prienr has 
not oiiuie the distinction of the two kinda of contmsta that I 
IiBve established above. 

73. Haiiy presented, in his Traiti de JViytiqite, a rettuni | 
of the observations of Buffon, Scherfter, Rumford, and M. 
Prieur; but, notwithstanding (he general clearness of style of J 
the illustrious founder of crystallography, there is au obwurity 
in the absence of the preceding distinction ; and th'a is espcci-- 
ally obeervable in his account of the explanations previously 
given of these phenomena. 

74. According to what has been said, we see, 

1. That those authors that have treated of a contrast | 
of colours, have described two kinds of phenomena, with- 
out distinguishing the one from the other: 

2. That Scherffer has given the law of Bacccasivel 
contrast; 

3. That Count itumford has given the law of the mo- J 
dilication experienced in a particular case by a gray band, ' 
placed in juxtaposition with a coloured one: 

4. That Scherfler first, and subsequently M. Prieur, of 
the Cnte-d'Or, with more exactitude, have given the h»w of 
the modification experienced by a small extent of white or 
coloiu'cd surface from the different colour of the ground on 
which it is laid. i 

75. If, on the one hand, it be true, that in this case we 
perceive, in the most striking manner, the modification which 
the colour of the wmaH extent of surface is susceptible of i 
ceiving from that of the ground, wc cannot, on the other, 
appreciate the modification experienced in the colour of the 
ground by that of the small surface, owing to our seeing only 
half of the phenomenon, and we should be greatly in error 
were we led to think, that a coloured object cannot be modified 
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by the colour of another, anlcss the latter be of infinitely 
Urgcr extent than the former. The manner in which I have 
&[>oeed coloured objecta in niy observations on eimultoneoua 
conlraal, has enabled me to demonstrate: 

1. That it is not indispensably necessary to the modifi- 
cstion of the colour of one object by that of another, that 
the former should be of greater extent than the latter, since 
my obsen'atious have been made upon equal and merely 
contiguous bands: 

2. That one may perfectly judge of the modificationa 
experienced by contiguous bands, in comparing them to 
those which are not in juxtaposition, a. circumstance which 
enables ua to see the phenomenon of simultaneous contrast 
in the most perfect manner, and to establish its general law: 

3. That in increasing the number of bands not in con- 
lACt, or which arc placed on either side of" those which touch 
each otlier, and on standing at a suitable distance for the 
eye to embrace the two series of bands, we see that the 
influence of one baud le not limited to the next band with 
which it is in contact, but extended to the second, third, 
&C., although with continually increasing faintneas. Mow 
thit injliunee at a distance ought to be noted, in order to have 
a just idea of the generality of the phenomenon. 

Akticle X. — On the Phg&ioU>gieal Came bg which the Contratt 
(if Colours mag be explained. 

76. Schcrfier has advanced a physiological explanation of 
t}ie 8ucce«siTe contrast of colours, which seems satisfectory. It 
U based upon this proposition, that if a double impremon, of 
which one it vivid and strong, and the other weak, be produced 
vpoH one of the »en»ra, loc itball perceive the stronger of the fwa, 
Thit oeeurt principal/g when both are of the same kind, or when 
tJie powerful action of an object on one of the senses is FOLLOWED 
bg amither of the tame nature, but itifiiulely weaker or less viiolent. 
Wo will now proceed to apply this principle to the explanation 
of the three following experiments on successive contrast. 

Firtt Experiment. — We must look for some time at a small 
■hil« si[nure placed upon a black ground. 

()» ceu^ing to look at this, and turning the eye upon a 
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black ground, we perwive the image of a square, equal in ex- 
tent lo the white square, but instead of being lighter than the 
ground it will, on the contrarj', be darker. 

Eip}aiiation, — The part of the retina on which the white 
light of the square acted at the first part of the experiment, is 
more fatigued than the remainder of the retina, which has only 
received a faint impression from the faint rays reflected bj- the 
black ground ; the eye then being fixed upon the block grouod 
during the latter part of the experiment, the weak light of 
this ground acts more strongly upon that part of the retina 
which is Btill unexhausted, than upon that which has already 
been fatigued, and hence arises the image of the black square 
Been by that portion of tlie eye. 

Second Sxpcrimejit. — We must look for eome time at 
small blue square on a white ground. 

Turning the eye away from tins, and fixing it on the white 
groimd, we perceive the image of an orange square. ^_ 

Explanation. — The part of the retina on which 'the blnJI 
light of the square has acted, in the first case, being more 
fatigued by this colour than the rest of the retina, it happens, 
in the latter part of the experiment, that the retina which b 
fatigued by the blue, is consequently ^posed to receive 
stronger impression from orange, the complementary colon 
of blue. 

Tldrd Experiment. — The eye must be fixed for some 
upon a red square on a yellow ground. 

Turning it away, we must then fix it upon a white grot 
when we shall see the image of a green square upon a viol 
blue ground. 

Erplanation, — At first the part of the retina with which 
we see the red is fatigued by that colour, whilst the part with 
which we see the yellow is equally fatigued by the latter, 
consequently, in the second part of the experiment, the por- 
tion of the retina which received the impression of the red Q0^| 
sees green, the colour complementary to it, whilst the portio^^ 
with which we have seen the yellow sees the violet-blue, its 
complementary colour. ^M 

77. These three experiments, as well as the explanation^ 
referring to them, taken at hazard from the memoir of -Scherffer 
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Iftmong^t many otiicra analogous to them, will Buffice, I 
to demonstrate tliat it was actually the phenomenon of 
Bw contrast which specially occupied that ingcnioiiB ob- 
rer. Considering iLia, it is certainly strange that naliy, in 
idcavouring to make known the explanation given hy SclierfFer, 
3uld have spoken csclufiivcly of the case of a simultancouf 
att, a j»henomenon which the latter naturalist has only 
l!y inonlioned, as I have already remarked at 67; tor the 
Bt, the following are the words in which Hauy exprcBsea him- 
self on ihie subject, taking as an illustration the ease in which 
J small stripe of white paper is placed upon red paper ; " AVe 
Bay," says he, " consider the wUteneas of this stripe as being 
conijxwed of a bluish green and red. But the aensation of the 
red colour, acting with much less force than that produced by 
the Burroundirg colour of the same kind, is eclipsed by the 
latter, so that the eye is only acnaible of the impression of the 
green, which being, as it were, foreign to the colour of tho 
ground, acta u|>on the oi^an with all its force." 

78. Although this explanation appears to be a natural 
^U)DBC(|uencc of the principle eet forth by Scherffer, tho latter 
Hdcs not seem to me to have applied it to the explana- 
tion of simultaneous contraat, and the passage quoted above 

57) of his memoir is very clear: this must principally take 

when they (the impreasions) are both of the tame kind, 

'Am thr p'lircr/iti actio?) of art object on one sense is fnlhiced 

' anol/ier of I lie same nature, but ij\fiiUteli/ more Keak, and less 

Fl/. 

79. Let ua now see what difference exists between the 
Iplanation of lun-emne contrast, such as Schertfer has demon- 

Med it, and that attributed to him by Fenay in the case of 

tultaneotm rontrast. All the obaervations on aueceeaive c(m- 

Bt explained by Scherffer present this result, that the portion 

the retina, which in the 6rat part of the experiment is 

ruck by a given colour, sees in the Bubee(|ueut part of the 

tvation the complementary colour to the given colour, and 

iw im|ircesion is independent of the extent of the colourwl 

ject ri-liilivcly to that of the ground on wliich it la placed, 

to speak more generally, of the objects surrounding the 

Br. 
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80. TIlia is not expressed in the explanation attributed by 
Haiiy to Sclierffer, llius: 

1. The portion of the retina that eccs tho white rtripe 
placed on a red ground sees it as if it were of a blniiflt 
green, that is to say, the com[)Iementary colour to the 
ground. Now, according to tho experiments of Scherfier, 
this portion, fatigued by white light, has a tendmct/ to tet 
not a bluish ffrecn, but black, which is in some degree com- 
plementary to white. 

2. In order to admit the explanation attributed 
Scherffcr, it would be necessary that the olyect, whi 
colour is modified by that of another, should in general be 
of much smaller extent than the latter, since it is only by 
this excess of extent in the modifying body that we can 
conceive in general that excess of action which neutrallEcd a 
part of that of the first object; I eay in general, because 
there are casee, in which it might be said, that a much 
brighter colour might modify one that was less so, although 
it might actually occupy a very small space around it. 
reverting to what has been said, we shall perceive the diffe; 
ence between the explanation given by Scherft'er of tu< 
eensive cnntraat and that attributed to him on eimultaneo 
contrast. 

81. If we revert to this last explanation in order to test i 
force, not under the circumstances related by these authors of 
amall strijjc appearing to be alutie modified when seen on 
ground, but in the case of two stripes of equal extent bein|f' 
mutually modified, not only when in contact, but at a distance 
Be shown by my observations; we shall readily appreciate tha^ 
difEcidty that presents itself, thus: 

Pig. a. 1. Let ue suppose that figure 3 represents t 

r * image of a red stripe r contiguous to a blue etrip^ 

b, depicted on the retina; the former will acquire 
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yellow or lose blue, and the second will acquira^f 
yellow or lose red. Now, it is the portion of the^' 
retina nn which the image of the stripe r is im- 
pressed that will lose ita sensibility for red, as ii 
is the ])art of the rctin.i on which the image oi 
the stripe b is impressed that will loac its seoeibilit; 




Hue; coDnequently, I do not perceive how it can be the part 
r, which in reality loses its eenaibility for blue, or how it 
out be the part A, which loaes its seneibiiity for red. 

2. In my obsenations, where the atripea are of equal 
extent, there seems no reason, as in the case of a smull 
stripe being liud upon a ground of great extent, that one of 
the stripes should modify the other by the great fatigue eacli 
one occasions the retina. 

82. It was doubtlessly owing to the diBiculttes presented 
by the explanation we have been considering, that the illustrious 
author of the IVIeeanique Celeste was led to pro|)osc another, 
which Ilaiiy inserted in his Traite de Physiijue at the end of 
the one attributed by liiin to Soherffcr: the case is still that oi" 
a little stripe of white paper placed upon a red ground. The 
ilUistriouij geometrician supposes, as Haiiy observes, "tliat there 
exists in the eye a certain disposition, by means of which the 
red rays comprised in the whiteness of the fimall etripc are 
attracted, as it were, at the moment they reach this organ, by 
the rays forming the predominating red colour of the ground, 
ei) tlint the two impressions tbrm only one, and that of the 
green colour is enabled to act as if it were alone. According 
to this method of understanding the subject, the sensation of 
the red decomposes that of the whiteness, and whilst the actions 
of the homogeneous rays unite together, the action of the hete- 
rogeneous rays being disengaged from this combination produces 
its separate effect." 

83. I will not contest the truth of this explanation beyond 
mtking the remark, that it admits by implication the necessity 
of the modii'ying colour occupying a larger extent of surface 
than the colour niochfied; it is probable, however, that such an 
opinion would not have been advanced if the illustrious author 
hod l>een acquainted with the true explanation of Schcrffer on 
successive contrast, and if instead of citing a single experiment 
of simultaneous contrast, which does not include more than half 
the phenomenon, one had liccn laid before him in which diffei - 
I'Ully coloured siripes of equal extent were seen to modify each 
otlicr, even when not in contact. 

^^B 84. After having shown the insufficiency of the explanit- 
H|B(nu tliat have been given of ximuhaiieotix rontratf, it only 
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remains for me to sj>cak of the connexion, wliich appears 
to exist between tlie organ of viaion and llie phenomenon, 
observed under the circumstances in which I have studied it 
All the authors who have treated of accidental colours agree in" 
considering them to be the result of fatigue of the eye; if thisii 
be incontestably true of gveengire eontratt, I do not believe it I^| 
be 80 with reference to simultaneous contrast, for in armnglng 
the coloured stripes in the manner I have done, aa aeon as we 
succeed in seeing all four together, the colours may bo observed 
to be modified before the least fiitigue is experienced by the 
eye, although I admit that it frequently requires several seconds 
before these modifications can be perfectly well recognised, 
But is not this time necessary as the same that we give to the 
exercise of each of our senses, whenever we wish to give 
exact account of the [lerccption of a sensation iitl'ecting thei 
There is, besides, a circumstance that explains In many instance 
the necessity of time. This is the influence of white light 
fleeted by the surface modified, which is sometimes sufficiently 
strong to weaken the result of the modification ; and the greats 
part of the precautions proposed for seeing the accident 
colours of simultaneous contrast are therefore directed towi 
the diminution of the influence of this white light. It is fiirthe 
owing to this CAUse that gray and black surfaces contiguous 
the surfaces of very bright light colours, as blue, red, 
yellow are modified more than a white surface would be by 
their vicinity. The following is an instance accidentally pre- 
sented to my obsen-ation, and which will afford a good illustra- 
tion of my idea. A coloured paper, the writing on which fiad 
been traced with a pale gray substance, was presented to me 
one evening at twilight; on first looking at it, I coutd not trace 
a single letter, but at the end of a few minutes I contrived t^| 
read the writing which apjjcared to me to have been traced wit^^ 
an ink of a colour complementary to that of the ground. 
Now, I would ask, if at the moment when my vision was pc^H 
feet my eyes were more fatigued than when I first looked at th^* 
piiper without being able to distinguish the letters upon it, and 
see them of the colour complementary to that of the ground ? ^| 
85. I conclude definitely from my obeerviitions, that whea^^ 
ever the eye simultaneously sees two differently coloured objects. 
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He anologoua character of the sensation of the two colours 
iperiences such a diminutloa, that the difference existing 
Etwetn them is renJered propfjrlionately more Bcneible in the 
loltnneoue imprceeion of the two colours upon the retina. 



II. Appucations. 

86. The preceding observations, and the announcement of 
ie law, wliich by its generalizing chanicter simpljfiee them so 
Ruch, will sufiiee to enable the reader to make all the applicn- 
jwiL* of which they are susceptible, whether in assorting 
[tlourcd objects for the purpose of producing a definite effect 
■D judging of the colours of dyed stuffs relatively to their 
^rlfect ujwu the eye without regard to their periimnency. 
^JUxiong the few examples to which I must limit myself, I will 
^Bite the following: 

^Krtici.b I. — Application to the Art of Weaving coloured Slujfa. 

^f First Application. — The assortment of coloured threads to 
imitate the colours of u ptuutiug. 

t First Example. 

87. A painter delineates two coloured stripes in a picture, 
e being red and the other blue; they are lu contact, and, 
naequcntly, the phcuomenuu of the contrast of two colours in 
juxt.iiwsition would occur, if the painter had nut sUMtained the 
ed conliguoua to the blue stripe by blue, and ii' he had not eii^ 
aed the blue stripe by placing red or violet near the red stripe. 
Suppose a weaver dcsirea to imitate the two stripes of 
sell we have spoken ; if he be ignorant of the law of the 
contract of colours, he will not fail, after choosing wools aud 
. suitable lo the model before him, to make two stripes pre- 
the phenomenon of contrast, owing to his having 
his wools and silks of only one blue and one red, with 
view of imitating the stripes, which the painter has only 
nccocded iu producing from two colours, (each of wliich the 
rcganls as homogeneous through its whole extent,) by 
of an artifice, which no one would detect who was iguo- 
tbo law of contrast. 
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89. tiupjKJse that the painter, inetead of pointing the two 
etripes in colours that appeared to the eye to be homogcneou8| 
were to form them with a red and blue, that were not blend' 

on their contiguous bo 
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ders, the coloura would 
certainly in that caae con- 
trasl. If now the weaver 
be ignorant of the hiw 
of this phenomenon, he 
would not fmi. m his at- 
tempt to imitate his mo- 
del, to blend yeJlow or 
orange with the red, and 
yellow or green with the^J 
blue in the parts of tho^| 
stripes that come in con- 
tact, and the result would 
be, that the contrast i 
would be more or le 
cxa^crated, from the 
eftect of the picture hav-J 
ing been imitated bj 
working with homogone 
ouB colom^. 



Second Example. 
90. Let n paper, a b, 
fig. 4, divided into 1 
equal zones, be first 
painted with an uniform 
tone of any colour, ft 
instance, with an uniform' 
tone of Indian ink ; let 
the zones 2, 3, 4, 5, 6, 
8, 9, 10, receive a second 
wash of the same uniform 
tone; let the zones 3, 4, 
5, 6, 7. S, 0, and 10, re 
ceive a third, and so o 
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UnUl 10 zones be procured, which gradually increase in depth 
of tone, proceeding from the first onward. The retuarkable 
part oi" the pheoomenon here b, tliat each zone will present at 
least two shades, owing to the contrast produced by contiguity ; 
for instance, in beginning from the first, the border 1/ 6 of this 
sone, contiguous to the border a' a' of zone 2, will apjMWir lighter 
Ibaa the border a a ; and, consequently, two shades will be pre- 
sented in zone 1, and the eame in the others. But it is possible 
tint a lai^r number may be distinguished, especially in the 

t£miediate zones between 2 .... 9; provided they are of 
ufiifient breadth, and this is owing to the borders a a' a" a" — 
being bghter, and the borders A' fi' b" h" — darker than the general 
tone of the zone, when by reason of contrast, the middle of the 

ues, being less aftectcd than the borders, will present a third 
of colour. It will be evident that the three tones, or the 

o tones, as the case may be, presented by the zone, will not 
inatc abruptly, but blend into one another, 

91. Suppose a weaver were to copy the figure we have 
iposcd, if he were UQacquainted with the effect of the con- 

of contiguous zones, he would exaggerate the effect in IiiB 
using probably at least twenty sliades of the same colour 
instead of the ten. 

92. These examples convey a better idea than all the rea- 
ining we could enter upon, of the fundamental difference 

existing between the employment of colours in painting and in 
weaving. A painter may, to a certain extent, succeed without 
k knowledge of the law of simultaneous contrast; for if he 
produce an effect with which he is not satisfied, depending 
pon this phenomenon, his palette furnishes him with the 
leniLs of destroying or increasing it. The weaver has not the 
BMne resources at his command ; he cannot replace his colours 
without undoing liis work, and to avoid this necessity he ought 
to f>e sufficiently well acquainted with the law of contrast, to 
jo"Ige of the cfJcct tliat will be produced by the vicinity of other 
ooloun ujion tlie coloured threads he employs in the imitation of 
certain part of his jtattem, otherwise it will he impossible for 
to reproduce a faithful copy of the painting before him. 
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Sfroml Application. — To work on black with l>lue and vW 

93. The obeervatJona made at ^Vrtide V. § I, teach 
weaver Uiat there arc colours, such aa yellow and orangp, 
which may be worked in with black without weakening >Ulfl 
intensity, whilst there arc others, as blue, indigo, andTiolet,^ 
which pi-oducc the contrary effect, by giving it eomcwhat t>f a 
yellow, green, or olive tint. It is consequently neeesaary 
avoid making bine or violet contrast with black, when eUadov 
are to be iiroduced in blue or violet stuffsi, and the object re 
quired may be obtained by various means, as I am about 
indicate. 

Article II- — Applicalion to l/ie Art of Printing Pattern* upon^ 
Coloured Stuffs or Painted Papers, and Colottred Inks upon 
Coloured Paper. ; 

94. In these apiilicntiona, I exclude the consideration of' 
the chemical action that may exist between the substance of 
the coloured stufta or tiie painted pajjer, and that of the colour-' 
ing matter used, confining myself to the optical effect. 

95. I have frequently been appealed to as an arbiter is 
cases where persons having given to be printed ^TU-ioua woollen 
stuffs for furniture and ladies' cWke, have had disputes with 
tlie printer on the subject of the patterns, which were not of 
the colour intended. I have often found that these complaints 
dejteiided upon the effect of the contrast of tlie colour of the 
designs with that of the ground, aad that if the printer were 
reprehensible, it was not for having printed a different colouS^| 
from the one required, but for not having foreseen the effect 
that would result I'rom the contrast of colours, one of which was 
to serve as a ground for another. 
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Examples. 



1. When black patterns are printed upon red, crimson, 
or amaranth grounds they apjiear green, owing to green, the 
complementary to the ground, blending with the black (48). 

2. For the same reason, black, when printed on violet 
stuffs, or on dark green, loses all its force. 
06. The method I have adopted in the cases in which 
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Iiave been appenJed to as an arbiter, was, by a simple proc^as, 
to prove tliat tlie designs wliich did not appeal- black were 
tictually so, and it consisted in cutting a piece of white paper 
such a manner ae to cover the ground and only show the 
paltcm. 

97. Similar difficulties have presented themselves in manu- 
of paper-hanginga, when it was required to produce 

of a eligbtly yeUowish-gi'ay upon a green ground. 

Theee designs, although actually gi^y? appeared, when onca 

rinted, to be pink, owing to the complementary colour of the 

d. If they had been on a roae-coloured ground they 

Id have appeared green, for the aame reason. 

98. Finally, in wishing to impress letters upon coloured 
paper, the rule to be followed Is to choose a ground that b 
of the colour complenaentary to that of the ink. Thus, we 
untst nee violet-coloured ink for a yellow paper, and yellow 
ink on a violet-coloured paper; red ink *m green paper, and 
green ink ou red paper; orange-coloured ink on blue paper, 
sod blue ink on orange-coloured paper. 

kSTtCLE III. — Applicalion to the Asgorftnent of Stuffs toith the 
U'ooda einplayed in Uphol»lery. 

99. Amongst the numerous applications of the law of 
[«imultaaeous contrast to the art of the upholsterer and house 

or, there is one to which I shall call attention, since it is 
FoAen disregarded, I allude to the assortment of stuff's with 
lie fancy woods used in upholstery, for making easy chairs, 
jfaa, &c The principle to be followed in making the most 
feclive assortment is to choose vioUt or Mac stuffn fur t/rllow 
f wood*, as orange-wood, the root of tlie ash, gc. ; and green or yelhiw 
$tuffs for red womh, like mahogany. The colour of the stuff 
.aiuet be ii« different as possible from that of the wood. 

100. Many persons prefer, even for mahogany, to have a 
Perimson stuff, owing to its being one of the best colours for 

nding light. Although this assortment is contrary to prin- 

CJ|ilc, the bad effect lulmits of being diminished by placing a 

broad green or black border, either a conl or a printed band. 

tween tlic crimson and the maJiogany. The uphoUtercr 
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often borders crimson either with a gold cord or baud, fiifilened 
on with gold-heitded naila. or with yellow eilk cord; and these 
borders, although not complementary, have, at any rate, the 
advantage of pleasing many by their brilliancy. There is one 
assortment, however, which ought never to be madc> namely, 
that of yellowish red, as scarlet, flame-coloured, or light-red 
stutTs with mahogany; since their brightness is such that thoy 
deprive the wood of that red colour which constitutes its 
beauty, and makes It resemble oak or walnut. 
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Article IV. — Applications to the Painting of Pictures ingme- 
ral, arid to the Patterns of If'oven Siyjffs, and of Carpets m^ 
particular. ^ 

101. There are, as Is well known, two systems of painting, 
that of plain tinting and of chiaro-abscuro. In the former, the 
colours arc not shaded, nor blended in one another, nor modified 
by reflections, as in the second. Perspective Is reduced In 
these kind of paintings to an observation of mere linear per- 
spective, and to the employment of vivid colours for the firsts 
coat, and pale or gray colours for the last. If the choice ol^| 
the contiguous colours have been made in conformity with the 
law of simultaneous contrast, the effect of the colouring will 
be more striking than where the painting has been done 
according to the system of chlaro-obscuro. In admiring 
beauty of the colours of those plain-tinted paintings, which 
receive from China, we ought, in comparing them with 
own, to take into account the system by which they have 
done, otherwise we might form an erroneous judgment in com- 
paring pictures that have been painted according to such 
ditferent systems. ^| 

102. If the system of plain tinting is more fiivourable td^ 
show the brightness of the colours used, It ought to be a 
motive for the pmnter who follows tlie system of chiaro-obsci: 
to make himself thoroughly conversant with the resources he 
out to him by the application of the law of siiuultanec 
contrast. He ought to midtiply his draperies of ditferent 
coloui's as much as his subject allows i>f it, and if hi' cannot, 
he ought to bring out his coloins by well-choacn and rklifully- 
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haixllcd reflesions : thus, for instance, green ur yellow reflex- 
ions bring out a blue Jrapery; yellow or orange rcflexiona 
bring out a purple and riolet drapery; purple reflexions bring 
out a scarlet drapery. He will give effect to tlio freshness 
of flesli colours by nvuiding tho contact of yellow or orange 
drapericA, ae well as grouncU of the same colours. He must 
likewise avoid the fault common tu decorative painters of using 
pink or a light amaranth for the hangings of boxes in a theatre, 
eincc these colours have the serious disadvantage of giving n 
greenish tinge to the complexion. 

103. Before entering upon tlie qualifications which ought 
Lo be posacseed by the patterns for hangings and carpets, in 
order to insure the copies approaching as nearly as possible fj) 
f^rfcction, we must treat of the special points appertaining to 
thia 8i>ecie8 of labour. The weaver imitates objects with 
coloured tlireoda of a certain diameter. These threads jiassed 
round the threads of the chain of the warp exhibit not a smooth 
surface, but one that is furrowed with lines, some running 
pamllcl with the warp and deeper than the others which are 
peqiendicular to them; the effect of these furrows is the same 
that would be pivxluced in a picture by a system of obscure 
lines interi-ccting each other at right angles. There are, there- 
fore, the following difl'erences between a piece of weaving and a 
picture: — Ist. That the former never presents the sauie fusion 
of colours that the painter can eo easily obtain by blending or 
dividing his cdlours by means of a more or less viscid solvent. 
Snd. That the symmetry and uniformity of the furrows in the 
weaving are unfnvoui'able to the production of these brilliant 
lights and effeclive shadows eshibited by the painter, for while 
tlie furrows darken the lights, the salient part« of the threads, 
which arc in the shadi-wd, have the disadvantage of weakening 
them by fiie light which they reflect. Add to this, that the 
|wnler has other reeources denied to the weaver for augmenting ^M 
the brilliancy of his lights and adding force to his shadows; iw, " 
for instance, by the opposition of opa<iue and glazed colours. 
He modifies an object of an uniform C'Otour by varying the 
thickiieM of the coat of paint laid on the cnnvas, as well as by 
the <)trectinn in which he lave on ihe bnisli. If it were [los^ible 
lo cfiiiipoMi a piece of mosaic with aucb loose elements a« the 
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threads used in the nianufactartDg of ihe GobeliD tape 
work of the kind would rank between an oil paintiug and 
tapestry, resembling the latter, owing to it having resulted 
from the juxtaposition of coloured elements of an appreciable 
extent of surfaee, and approximating to the picture by il4 
smooth eurface, which ie rendered brilliant by polish; beeides 
the opposition of opaque and transparent elements calls to 
mind the contrast presented in a picture by the use of opaqu 
and glazed coloui-s. 

104. From tlila state of things, I conclude that, in ordef] 
to nuee tai^stry a^ nearly aa possible to painting, it is ncc 
eary, 1. That it should represent objects of such a size, that thi 
point where the spectator must stand in order to see theui welM 
should not admit of his distiuguishing tlie coloured clement 
from one another, nor the furrowed lines separating tJiemj 
2, That the colours should be as bright as possible, presenting 
Ike strongest contrasts. ^_ 

105. It is evident, therefore, that the patterns for tapestrj^l 
ehould not only be correct in design, and represent elegant 
forms, but they should be composed of large objects, draped 
rather than naked, with the dress covered with oruoments 
rather than simple and uniform; and, finally, that the colours 
should be varied and bright, presenting the strongest possible 
contrasts. 

106. Although the rules given are applicable in man] 
points to tapestrj- for furniture and to the patterns for carpet^^ 
it may not be wholly useless to make a few remarks relatively 
to the choice of colours, to the number of tones of the same 
scale that may be used, and to the choice of the subjects to 
represented. 

107. For the choice of patterns for damasks (tapestry) 
for furniture, oppoeition of the grounds with the predominating 
colour of the designs upon them is too often disregarded; for 
instance, where a wreath of 6owers is to be represented on 
crimson ground, the greater part ought to be composed of blue 
yellow, and white flowers; if red flowers are introfluced, thej 
should border on orange rather than purple; whilst gn 
leaves laid directly on the ground conduce very consldcrablj 
to the beauty of the whole; where the ground is gicen or 
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leaf, tlie predominating flowers ought, on the contrary, 
> be pink and red. 

108. In the pattern for a Savonnerte carpet, the size of the 
aree ought to be in proportion with the exent of tlie whole; 
pittenlion must also be paid to the pattern on the parte con- 
Jed hy the furniture, eo that a figure or any other object 
composed of difilTcnt parts, (distinct with respect to design 
and colour,) may be presented to the eye of the apcctator in 
all its details when the carpet \i laid down. In a large carpet, 
or in one of only middling size, the figures and designs should 
not Ije too large, nor should the divisions of one unit'unu colour 

I cover too large a surface. In a carpet of small extent the 
flcsigns of the Persian and Turkey cai-peta are preferable to 
tlioM which look more like a pkturf; and here we may aa 
iwell draw attention to the effect produced by palms, straight or 
braving zones, Vandyck scallops, &c., in which yellow ia con- 
tracted with violet, orange with blue, and red with green. 
, 109. Finally, in the case of patterns for tapestry and 

|^kBq>cts. where no attempt is made to compete with the effect 
^produced in tapestry or fumiturc-hnngings of the Beauvais 
Bftyle. or in carpets of the Savonncrie manufacture, a scale 
OOtDiMBcd of only four or 6ve tones of colour will be suflBcieiit 
to give a very good effect, provided the choice of the conti- 
uouB colours has been judiciously made. 



Article V. — Applicationn to Coloured Glass in Gothic 
Churches. 

110. We will now consider the preceding reflections with 
ercnce to coloured gla&s, which combines so powerfully with 
architecture in imparting to large Gothic churchea the 
ony that cannot fail to strike every one who enters these 
edifices, after having admired the boldness and variety of 
their external decorations; and which contributea to place 
thotc erections Ibrcmost among works of art, alike by their 
idcur, the subordination of their different parts, and their 
tiinato relation to the purposes, for wliich they were intended. 
Thi' coloured glass of Gothic churches produces a strikingly 
brilliant effect by intercepting the white light, and transmitting 
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cnloiired rays, whicli are less glaring, and more in acoor 
witb the character of the place. li" we were to seek for 
cause of this effect we should find that it dc[>endod DOt only 
upon the happy cflntrast of colours displayed, hut alao upon 
the txtiitraat of their transparency with the o]>acity of the w 
around, and uf the leaden frames enclosing them. The impr 
sione produced upon the eye, owing to this double cause inc 
in intensity the oftener and the longer they are examined. 

111. The windows in a Gothic church are generaUy either 
circular, or pointed towards the top and with vertical sides. 
The panes in the former usually represent large mcdallioni 
(roses), in which the yellow, violet, blue, orange, red, and 
green, seem to sparkle as if from the finest precious etonei>> 
The panes of the latter almost always represent, in the centre 
of a border, or on a ground corresponding with the medallion 
(rose) windows, a figure of a Saint perfectly in harmony with 
the figures in alto-relief round the entrances of the chunji; 
and thcee centre figures ought to be judged ae parts of a whoU, 
and not like a Greek statue intended to be seen Isolated froi 
every side. 

1 12. The glada used in composing the different parts of 
human figure ia of two k'uids; either painted mi the surface with 
coloors tltat have siiliscipientlif been gla::ed; or Aas the colour- 
ing matter fused in with it; the former is generally used in the 
cotupusitiou of the naked parts of the figure, as the face, hands, 
and feet, whilst the latter composes the drapcrj'; the various 
pieces of glass are joined together by a leaden frame. I have 
been most particularly struck in the best specimen of the 
panes representing tlic human figure, by the accurate obi 
vanee of the proj^r relation of the size of the figures and 
intensity of the light to which they are exposed, to the dlstan 
at which the spectator is placed, and which is eo great that t 
leaden plates enclosing each sij^uare of glass appear like 
narrow black circle, or a mere line. 

113. It is not necessarv to the effect of the whole, th 
/«m(/rrf^/ass should present, when seen close, delicate toiichej 
careful liniug, or much fusion in the colours, for it is intended 
to be combined with the coloured glasa of the draperies in 
producing a whole, on the system of plain tinting, and it 
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csnnot be doubted that a painting on glass, executed in exact 
accordance with the rules of chiaro-obscuro, would, to say 
nothing of the expense of the execution of the work, have thia 
disadvantage, that, the finish of the detail would be wholly lost 
at the distance of the spectator, and that the whole would 
appear leas distinct: the Jirst condition to be fulJUled by every 
object of art intendud to attract the eye (>, that it should apjM-ar a.* 
dintinct and as clear as possible. Add to this, that paintings 
on glass done according to the rules of chiaro-obscuro, are never 
represented with those borders or groimds of rose or mednltion- 
formed panes (lll)i which produce euch a beautiful eti'ect; 
that they are less brilliant and less clear than the glass, in 
which the colouring matter has been tncoi-porated by means 
of fusion by heat (112), and, finally, that they are less able to 
resist the effect of time and weather. 

114. Variety in the colours of the panes is so necessary to 
the production of the best possible effect, that those which 
represent entirely naked figures, edifices, or in fine, any objects 
of extent of one uniform colour, are very far inferior, let the 
execution be ever so perfect with respect to finish and truth of 
inventioD, ia panes composed of pieces of different colours 
contrasting well with one another. 

1 15. I infer, therefore, that the causes of the good effect 
of coloured panes of glass in large Gothic churches, must be 
referred; 

1. To their presenting us with a very simple design, 
whose different and well circumscribed parts may be seen 
without confusion at a great distance. 

2, To their com|>osition of one totally formed of 
coloured parts, distributed with a kind of symmetry, and 
being at the same time forcibly contrasted, not only amongst 
one another, but also with the opaque parts circumscribing 
them. 

Article VI. — Application to the Distribution of Flowera in a 

Garden. 

116. Amongst the pleasures presented to ns by the culture 
of flowering plants, there are few that exceed what we expe- 
rience from the sight of a multitude of flowers varying in 
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their ooluur, rorm, and size, and in ih^tr arrangement ujion t 
Btctn that support;* them. It U probnbl^ owiug to the lulnii 
tioa bestowed individimllj upon each, and to the attucbme 
bestowed upon them in consequence of the great care thev hav 
required, ttiat care has hitherto not been taken to arran; 
them in euch a manner as to produce tlie beet possible efft 
ujjon the eye, not otdv separately, but collectively. Noi 
therefore, is more common than a defect of proportion o. 
in the manner in which flowers of the same colour are made 
recur in a garden. At one time the eye sees nothing but bloi 
or white, at anotlier it is dazzJed by yellow scattered around 
profusion; the evil effect of a predominating colour may 
further augmented, when the flowers are of approximating, bui 
Btill diflbrent shades of colour. For instance, in the spring wi 
meet with the jonquil of a brilliant yellow, side by side wii 
the pale yellow of the narcisdus; id the autunm, the Im 
pink may be seen next to the China rose and the BsteT, 
dahlias of different red grouped together, &c. Approximation 
like these produce uiKin the eye of a person, accustomed toS 
judge of the effects of the contrast of colours, sens-ttlons, tb«^^ 
are quite as disagreeable as tliose experienced by the ear of ihc 
musician, when struck by discordant sounds. 

1 1 7. The principal rule to be observed in the arrangement 
of flowers, is to [ilace the blue next to the orange, and Uw 
violet next to tlie yellow, whilst red and pink flowers are n^ 
seen to greater advantage than when surrountled by verd 
and by white flowers; the latter may also be advanti^eouslj 
dispersed among groups formed of blue and orange and of 
violet and yellow flowers. For, although a clump of white 
flowers may produce but little eflcct when seen apart, it cannot 
he denied that the same flowers must be considered as indig])ens- J 
able to the adornment of a gai-den when they are seen suitably " 
distributed amongst groups of flowers, whose colours have been 
assorted according to the law of contrast; it will be obscrvedfl 
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by those, who may be desirous of putting in practice the 
precepts we have been inculcating, that there are periods of the 
horticultural year, when white flowers are not sufficiently mul- 
tiplied by cultivation to enable us to derive the greatest possibli 
advantage from the flora of our gardens. I will further 
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ats, whose flowers are to produce a contrast, aliould he 
nc size, and that in many coses the colour of the sand 
gravel composing the ground of the walks or beds of a 
gxrden, may be made to conduce to the general eflTect. 

1 !8. In laying down the preceding rule?, I do not pretend 
■to aeeert, that an arrangement of coloura, different from those 
^pientioned, may not please the eye; but I mean to say, that in 
^kdhering to them, we may always he certain of producing 
^pseemblagee of colour conformable to good taste, whilst wo 
"rfiould not be equally sure of success in making other arrange- 
^ntntB. I shall, however, revert to this point. 
■ 119. I will reserve for a special article, the consideration 
^■^the number of planli^ in flower at the same time, which 
pHnit of being grouped together, and of those details of execu- 
tion which would here be out of place. I must, however, reply 
to the objection that might be made, that the green of the leaves, 
tehich gerveif, as it were, Jirr a ground for the Jlowers, destroys the 
rffeet of the cojitragt of the latter. Such, however, !e not the 
cue, and to prove this, it is only necessary to fix on a screen 
of green silk two kinds of flowers conformably to the arrange- 
raent of the coloured stripes (Fig. 1 and 2), and to look at 
tliem at the distance of some ten paces. This admits of a very 
aimple explanation, for as soon as the eye distinctly and simulta- 
Dcouely sees two colours, the attention is bo rivetted, that con- 
tiguous objects, especially, when on a receding plane, and where 
they are of a sombre colour, and present themselves in a con- 
fosed manner to the sight, produce but a very feeble impression. 

Article VII. — Application* to the Colours of Dre»». 

BO. Many persona observe the fact, that a uniform com- 

of cloths of different colours looks well much longer, 

Ithough worn, than one of only a single colour, even when the 

of the latter is identical with one of those composing the 

ner. The law of contrast perfectly explains the reason. 

121. If we suppose a uniform to be made of cloth of two 

oloura, the one complementary of the other, as red and green, 

inge and blue, yellow and violet, we shall find that the effect 

rill be most excellent from their mutually heightening one 
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aoother; and Bupposing, further, that they are of equal atabi- 
Utj, they will proaent greater advantages, and appear good In 
spite of atmospheric agents, longer than oiiy other binary co; 
bination of colours 

122. In a blue and yellow uaiform, the blue gives to thi 
yellow an orange tint, which greatly heightens its effect no' 
withstanding its tendency, aa a dark colour, to make anothe: 
colour appear lighter; the yellow imparts in its turn a violet 
tinge to the blue, which considerably improves its appearanc 
and if the blue had an unpleasant greenish tinge, it would 
neutralized by the yellow. 

123. On the other hand, stains will always be less visib 
on a dress of different colours than on one composed only of a 
single colour, since there exists in general a greater contrast 
among the various parts of the first-named dress than betwe 
the stain and the adjacent parts, this difference renders tl 
effect of the stain leas apparent to the eye. 

124. For the same reason a coat, waistcoat, and trowsers of 
the same colour can only be worn to advantage together when 
all arc new; for as soon as one of them loses its freshness, from 
having been worn longer than the others, the difference will 
increase by contrast. For instance, a pair of new black trow- 
sers, worn with a waistcoat of the same colour, which is old 
and a little rusty, will make the tinge of the latter appear more 
conspicuous, at the same time that the black of the trowse: 
will appear more brilliant. White, or even light giay trowse: 
would produce a contrary effect. AVe see from this, how adv: 
tagcous it is to let soldiers have winter trowsers of a differen' 
colour from that of the clothes which they wear during the rest 
of the year; and we can further understand the advantage 
there is in wearing white troweera with a blue, ot indeed, gene* 
rally speaking, with any dark coloured coat. 
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Article VIII. — Applications to the opinion we form of t\ 
Colours of Dyed Stuffs, setting aside the question of their 
ttalnlity. 

125. In order to judge of the colour of a stuff, wit 
respect to its brilliancy, we must remove it from the vicinity of 
the colours that might produce an effect of contrast upon it; 
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vat, on the other Iiand, as we cannot judge of two patteroB of 
Btu&s of the sami! colour except by coiuparing them together, 
we must, in order to appreciate them correctly, take into 
account the phenomenon of contrast that would be manifested, 
if the two patterns were not abaolutely identical with reapect 

» colour and height of tone. 
f^rst Application. 
126. In the case of two patterns, appertaining to the 
BMne colour, as two blues or two reds ; if the blue or the red 
of the pattema compared together, be uot identical in the two, 
we muat take into consideration the degree to which the effect 
of contrast might exaggerate the difference ; thus, if one blue 
be greenish, it will make the other ajipear less green or more 
indigo, and even more violet than it really ia, and reciprocally, 
the Erst will appear more green than it would do when eecn 
separately. The same holds good for reds; if one ia more 
orange than the other, the latter will appear more purple, and 
the former more orange than they really are, 

I Second Application, 

127. Since the contrast of colours that are not analogous, 
dfl reciprocally to embellish and purify them, it is evident 
that in wishing to fom» an accurate opinion of the beauty of 
the colours in carpets, tapestry, and painting, we must take 
into account the design and the manner In which the colours 
are shaded, provided the objects compared together are not the 
exact representation of the same subject; in fine, all other 
thingB be'mg the same, identical and unshaded colours, when 
disposed in contiguous zones, will appear handsomer than if 
each were seen separately upon a ground which would only 
produce one single impression upon the eye. Colours arranged 
io pahns, as in the Cachmere shawls, and designs like those of 
Turkey carpets, produce a more striking effect than if thoy 
were shaded, and merged in one another, ns ia generally the 
, case in paiutings. Consequently, if we wished, for instance, 
compare the amaranth- colon red zone of an oriental Gach- 
ere with the differently coloured zones on an amaranth ground 
French shawl, we must destroy the contrast of the colours 

Pa 
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contiguous to the amaranth zone, by concealing them by mean 
of a gray paper, cut in such a manner as only to show tliia_ 
zone, provided, of course, that a similarly cut paper has bee 
liud over the ground, in order to expose the compared parta 
the same influence on the part of the contiguous objects. 

128. The same method must be pursued in comparing til 
colours of old tapestry with new colours, and for this reaaonr 
time acts very unequally, not only upon the different sorts of 
colours applied to stuffs, but likewise upon the tones or shade^H 
of the same scale of colour. Thus the dark sliadcs of certain 
colours fade, as, for instance, the violets in general, while th e 
dark indigo blues, and the dark reds of madder, kermee, bi^| 
cochineal, stand fast. In the second place, the light tones or^ 
the same scale of colour fade in a much shorter time than the 
darker shades. From hence it follows, that the colours whi(^^| 
have resisted the destructive action of time the longest, being 
more isolated from one another, darker, or less fused, appear oq_ 
that very account to be more brilliant than if they were other 
wise disposed. 
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Tftird Application. 

129. On looking at the whole of the tones of most of the* 
scales of colour used in the manufacture of tapestries and 
carpets, the phenomenon of contrast exaggerates the differencial 
observed between the extreme and middle tones of the same 
scale. Thus, for instance, when all the shades of an indigo 
blue are seen on silk, the light shades will appear greenish, thq^^ 
browner violet, and the intermediate ones blue. Now the dif-^^ 
ference of the greenish and violet shades in the extremes, is 
augmented by the effect of contrast. The same is the case wit! 
the yellow scale, the light shades appearing greenish, and 
dark ones redder than they are in reality. 

Fourth Application. 

130. The contrast that increases the difference between 
black and white, seen simultaneously beside each other, produce 
an analogous effect upon the different tones of the same scale. ' 
This may be deduced from the observation made above (90,) on 
the subject of the series of 10 zones, which, seen separately. 
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of uniform tint, but which cease to appenr so when conti- 
U8 to one another. Further, the sftme thing may be directly 
wn by the following proof. Suppose that in a serica of blue 
DCS, designated by the numbers 1, 2, 3, 4, 5, 6, &o., be- 
diming with the light shades, wc place the tone 2 between 3 
Bsd 4, the blue of 2 will be bo much weakened as to appear 
equal to the tone 1. This result affords a means of judging 
more accurately than any other, provided the tones of the scale 
are iufBcicntly numerous, and at equal distance from one 
another. In short, if the tone 2, put between 3 and 4, appear 
equal to 1, it will follow, that if the tones be equidistant, 
3, when put between 4 and 5, will appear equal to 2, and 4 
between 5 and 6 will appear equal to 3, and so with the rest. 
If the tones too closely approximate to present tills result, they 
mu^ be successively advanced, not by a single gradation, but 
two or three. 

131, This method of judging of the equality of diatanoe 
among toaea of the some scale of colour is founded upon the 
fact, that it is easier to establish an equality of ehades than to 
estimate the distance separating the different tones of one scale, 
when they are observed in the places which they must occupy 
according to the respective intensity of their colour. 



I 



Retumi, and tome general coturideraliotu. 

132. That wliich essentially distinguishea the observations 
have made in the first part of this memoii- from those pre- 
viously advanced, is the experimental demonstration that two 
zones of different colours and of the same surface mutually 
modify each other when seen simultaneously, not only when 
in juxtaposition, but even when at a distance from one another; 
and I will add, that these modifications likewise take place 
uo eubatituting leaves of coloured paper, 20 inches in length and 
a foot in width, for the bands that have been used in the pre- 
ceding experiments, the leaves that are used in the experiment 

ig placed at one yard from the contiguous leaves. 

133. The law of these modifications being once established 
wo may foresee the changes experienced by any two given 
colours from juxtaposition, when we know the complementary 
to each one, and the height of their tone, since the changes 
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which they experience will result from the compIemeDtary' 
the one being adJed to the colour of the other, and eince, 
the two colours be not of the eame height of tone, the darke 
will appear still deeper, as the other will appear lighter than 
it really is, supposing always that the latter effect is not des-_ 
troyed by the former. 

134. I have drawn attention to the differences existing"" 
between the preceding phenomenon, which I have termed 
fimultaneoits contrast, and the phenomenon I have spoten 
as successive contrast; in the latter, the same part of the retina 
wliich first sees an object under its true colour, sees its image 
subsequently in the complementary to the true colour; whilst 
in simultaneous contrast, two different parts of the retina 
eimultaneousty see a different object, and see these objects 
with modifications of colour and of height of tone which would| 
not be presented by them, if one were seen separately from i 
other. 

135. This distinction between the two kinds of contr 
throws much light upon the history of the labours undcrtali 
by different natural [>hilosDphcrs on accidental colours. Buffon ^j 
and Schertter examined almost exclusively successive contrBst;^^ 
whilst Kiunford and Prieur of the C6te d"Or occupied tliem-^1 
selves particularly with simultaneous contrast. Haiiy, in 
speaking of the theoretical or explicative portion of accidental 
colours, has attributed to Scherffcr an explanation conceniing 
simultnneoua contrast, which does not give an idea of that ^, 
which tlie latter Natural Philosopher advanced concerning suc-^| 
cessive contrast. Finally, Laplace has proposed an explanation ^1 
of mmultaneous contrast, which is not more satiflfsictory than 
the preceding one, since it supposes in general that the modify- 
ing colour must be of larger extent of surface than the colour 
modified. 

136. Simultaneous contrast, as I have considered it, is s 
phenomenon of much more frequent occurrence than would b« 
supposed; in speaking of its relation to the organs of vision,] 
I have not pretended to advance a theory, but I have wiBbed] 
to express a fact, which appears to me to be general, viz., that 

^hen the eye is struck at once by two colours, which it vieua 
. gome decree of attention, the analogous character of 
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^HuoDTS acta less powerfully upon the optic nerve than the 
^Beterogeneous; or, is other words, the eye evinces less eenei- 
^^nlity in catching the analogies tlian the differencee of the 
^HDlourf, nnd this without our being able, generally speaking, to 
^Hty that the organ ia fatigued. 

^H 137. In the second part of this memoir, I proved, by 
^Hsamples, the number and variety of the applications of the 
^^kw of simultaneous contrast; if some of these might be deduced 
^Hom what was known of accidental colours independently of 
^^by observations, it must be admitted that the majority could 
^■ot be made without the following propositions having been 
^BKviously demonstrated: viz., that two colours seen distinctlif 
^H>u/ simultaneousli/ are viutuallij viodificd, Independentli/ of their 
^^mesptetive extent, eoen tchen thfi/ are not in contact, and besides 
^^faA«7i tlure i$ no ground for attributing their modtficatioTis to a 
' fatti/ve of the eye. 

, 138. After establishing this proposition as a law, and 

I developing its consequences by application, it remains for me 

to oiploin the opinion I have given on the system of the 

Niarmony of colours advanced by Count Rumford, and which 
[ treated as an invention of fancy, and not as a demonstrated 
'act. It is evident that tlus observer having remarked that 
» white light contiguous to a coloured light is tinged by the 
complementary of the latter, derived from tliat fact his idea 
of the harmony of colours, and that he thus implicitly adopted 
iJio opinion of those, who, like Darwin, suppose that the 
beauty of contiguous colours dejiends upon the relative facility 
with which the eye distinctly perceives them, and that, oon- 
■cqucntly, the most beautiful assortments result from opposite 
colours. I have devoted too much attention to the ideas 
^Hxcited by vision, and to the effect of the arts comprised under 
pVtn domain, wholly to reject this opinion; but I cannot admit it 
•s a sole and sufBcicnt prindple, on which to explain the pleasant 
or unpleasant sensations produced by such an tieecmblagc of 
colours, for, iu many instances, we cannot deny the in6uence 
exercised by the principle of the association of ideas. "What- 
ever it may be, let us then examine the evident facts connected 
with an aeeortment of complementary colours and non-com- 
plcmentaries, relatively to the influence which they mutually 
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exeroM u sppeaniig more or leae pore, loore or less beantiru 
without lutving regard to any systematic >~iew. 

Auortmen/ of CompUmeniary Ot/oMra. 

139. That an acsortmeDt of complementary colonrs L 
dia^reeoble, is a truth that has long been known, but my 
obeervations further demonstrate that, thete coloitrg increase in 
httmty by that approximation to each other, hfightening and-^A 
purifyiftg each other, whatever the difference maif be betifeen tkJ^^ 
iifftrtxt yeUom bodies, or the different violet bodirt, ^-c., brimght ^ 
aUo jtutapor^ion. It is, therefore, owing to the fact of oar 
certainty as to the agreeableness of the efiect produced by thai 
mntiul approximation of complementary colours, not only 
when pure, but also when a misturc of black and white has 
rendered them grey, that I hare recommended their aseortment 
in preference to every other, for the distribution of flowers 
in a garden, for etufe for funuture, uniforms, and Uveriea; 
boodes this, I have further demonstrated and insbted upon 
the economy presented by the adoption of these last-named 
applicatioos. 



I 
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Auortmeni of Noit-eomplcmettlary Simple Colourt. 

140. I am now about to consider the assortment of non- 
complementary colours, and by way of greater precision, I wil 
begin by speaking of simple colours, or more etrictly defined, of 
those which approach the nearest to the seven colours called 
primitive, I will then treat of the assortment of two mixed 
colours, and of that of one simple and one mixed colour. For 
the sake of avoiding all unnecessary paraphrase, I will call a 
colour mixed, when it is composed of two or more simple 
colours. 

141. On looking at the arrangements of the coloured^ 
zones, wliich were made the subject of the 17 observations of 
Article 1, § 1, (10), it must have been mode evident, that the 
greater part of their tones which approached as nearly as possible ^ 
to the seven primitive colours, increased in beauty at titty lost ^| 
their broirn rinyi; and aetjmred more intensity and brilliancy i}t tba ' 
lame manner at has been observed in the atsortinent of rompU- 
mentary colourt. It leat further remarked, that tlieir optical 
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eompatitioH appeared alwayn, or almost alwarfx, to have been more 
or less changed. So that we may draw from it the following 
Iiractical coDclusion. If the non-complementary colours which 
approach most nearly to the seven primitive colours, generally 
tpeakinq. increase in beauty by their mutual juxtaposition, they 
ttnprthelcsi appear to the eye to have lost more or leis of their 
natural character, 

143. The following are examples of tliree remarkuble cases 
{■resented to my obaervation by these colours. 

1. Yellow and blue mutually increased in beauty by 
juxtnpoeition, the former in ac'iuiring a golden, and the 
latter a violet tinge. 

2. The preceding blue lost a part of ita beauty in 
a»iuiring a greenish tinge by its juAtapoaition with violet. 

3. The above-named violet and a dark indigo blue 
reciprocally injured each other, the violet, by losing too 
much blue, resembled violet faded by the light, whiUt 
the indigo blue, in losing its red, acquired on unpleasant 
greenish tinge. 

Auortment of Non-complementary Colours, either in the Com- 
binaliont of one Simple and one Mired Colour, or of two 
Mired Colours. 

143. On placing in juxtaposition colours that have a cer- 
tun analogy, as a simple red with a mixed red bordering on 
onuigc or violet; a simple blue with a mixed blue bordering on 
violet or green, &c., or two mixed colours, as an orange red 
with an amaranth red, a greenish blue with a violet blue, &c., 
&c.; we may observe in the first place, that the two colours 
will increase in beauty; in the second, that one only wlU 
increase in beauty; in the tliird, that both colours will lose a 
portion of their beauty. These three cases may be obaer^-ed in 
the arrangement of simple non-complementary ooloure, exhibit- 
ing, however, tliia difference, that the two latter cases will 
present thcmselvcB more frequently than in the arrangement of 
umple nou-complementary colours. 
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Exakplek. 
flrtt Ervmptr. 

144. Or pladng twx> rwea in joxtapotition. one of which 
is of a ceruin graduated tone of UD«nuitb nd, uid tLe other of 
a grndunted tone of scarlet, and icfaich, wben eeea eeporately, 
arc iigrceable to the eye, the first vill, according to the law, 
oppcnr more amaranth or rather more hlue. and the latter more , 
yelluw, which nniounts to the same llung ae if we were to snyg^ 
that hoth lost a portion of red. If thc«e two rosea are both at^ 
the [Miint where the addition of more blue or more yellow^ 
would dftmct from their beauty, it is very evident that afl 
juxta[iosition la injurious to both. If, however, they are^ 
bvyund the limits of which I gpcak, juxtaiHtsition will not , 
ii\jur« their efloct, although it augmentfi the difference betwecad 
tlicm, i>rovid(Hl always that this is not carried beyond the liniiu™ 
nani(.H]. In line, if h roee incline too much to yellow, or loo 
much to hlue to be seen to advanlagc scpnrately, it will increase 

in beauty by bcin^ brought into juxtaposition with another rose 
that ia more yellow or more purple. 

Second Example. 

145. A yellow green in juxtaposition with a green border- 
\Bg on blue, will lose blue, and will consequently appear more 
yellow. There are certain yellow jircens on which the con- 
tiguity of another green would net favourably, and others again 
on which it would have a bad effect. The first-named would 
appear more beauliful on being brought ncnr the yellow green 
of young leaves, whilst the latter would acquire the yellowish 
rusty green seen in certain leaves as they drop from the trees in 
autumn. 

TTftirrf Example. 

146. A naaturtinm, wIhhc ciihitir is so bright, produces a 
ffiagrceftblc cflfpct when oonibim'd wirh certain purple poppies, 
the colour of whieh when ««en H|nirl ii hy no means deficient 
ID lH«uty. Th« naalurtinni Itwtui iIh brilliant red, and acquires 
ftdullnntngc tinjt««, nhiUl iho l>oppy nuuiQcs an equally dull 
ting« rMamblinn wiitf leea. 
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147. We see from these examplea: 

1. That in proportion to the analogy of the colours, 
there is a greater probability that their mutual juxtaposition 
will be injurioufl to the effect of one, if not of bolli. 

2, That, if the law cannot, with a \-iew of pleasing the 
eye, prescribe arrangement of non-complementary colours 
in 08 positive a manner as may be done with reference to 
the assortment of complementary colouru, it arises from the 
impossibility in the present day, of designating with any 
d^ree of precision, the innumerable colours of bodies sus- 
ceptible of being classed under such arrangements, in con- 
sequence of our inability to refer them to invariable tj'pes, 
B8 tor instance, Newton's coloured rings. This is the reason 
that in treating of the distribution of flowers in gardens 
(118), I have only recommended an assortment of flowers 
whose colours are complementary, at the same time, that I 
admit the existence of many other assortments, productive 
of a very agreeable effect. We see further, fiom the same 
examples, that in making ourselves masters of the law, and 
considering well the effect that we may be desirous of pro- 
ducing in placing two colours beside eai'h olher, we shall 
not be guilty of any fault, I do not say with respect to the 
liarmony of these colours, but with reference to the best 
possible disposition of which they are susceptible, for the 
regulation and even augmentation of their splendour, 
purity, and ireshneaa, as well as for the correction of tlieir 
individual deficiencies. For the rest, in order to dissipate 
ftll further obscurity, I will cite the following examples. 

First Example. 

1-18. In the case of a nasturtium, which has such a pro- 
portion of red and yellow, that a little more red or more yel- 
low would impair the beauty of the flower, the law indicates, 
1. That the vicinity of blue, whose complementiiry is orange, 
rwould pro<luce a good effect owing to the blending of the 
ange, which has tho greatest analogy with the fii'st-named 
some persons object, however, to this assortment as too 
ah: — 2, That the vicinity of yellow or red would be inju- 
to the effect, since their complementories would cause the 
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red or yellow of the flower to predominate too much : — 3. That 
if one is obliged to aurrouDd oasturtiunia witli yellow, red, gr 
even orange, these colours must be so deadened as to heighten 
the brilliancy of the nasturtium from the contract of the dif- 
ference in the height of the tone. This latter devic* of in- 
creasing the brilliancy of colours baa been known and practised 
in all times, but I believe uo attempt at an explanation of the 
effect produced was made before the establishment of the law of 
simultaneous contrast. 
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Second Example. 

149. In the case of a blue agreeably tinged with viole 
we must have recourse to green or to grey, whether it border 
on yellow or green, if we have no orange, yellow, or wlute t^J 
put in juxtaposition with the blue ; the contiguity of Tiota^| 
must be avoided, as destructive of that violet tinge of ctJonr^ 
which ought to be carefully preserved. 

Third Example. 

150. In the case of a green unpleasantly tinged with yel- 
low, we must approximate yellow or a rusty yellowish grey. 
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Fourth Example. 

151. In the cose of a dull greenish blue, the unpl 
eflfect of the colour will bo neutralized by the juxtaposition 
of green. 

152. If these applications were considered in the art 
manufacturing the Gobelin tapestry, there could be no dou 
that a knowledge of the law of simultaneous contrast wou 
prevent much error and stumbling on the part of all, who made 
it their guide in the assortment of coloured threads for copj'ing 
R given pattern in tapestry, and we ought, therefore, in future 
to regard this law as one of the most valuable principles of 
this art. 

153. The knowledge of this law is not less indispensably 
necessary when a comparison has to be drawn, with respect to 
the beauty of colour, between the dyed woollen and silk threads 
of carpets, tapestries, or shawb, whose deuona kta not iden- 
tical, and whose colours are not un fused 
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into one another. In future, therefore, instead of asserting, 
that the colours of oriental etuffs are superior to our own with 
respect to brilliancy, the prescribed precautious ought to be 
taken, in order to avoid all chance of illusion. 

154. In speaking of these applications, with reapect to 
the painting of pictures, I think I have siud enough to show 
that painters, who are desirous of regulating their employment 
of colours according to the law of simultaneous contrast, ought 
to perfect themselves in colouring, just as in linear perspective 
they study the principles of optica that refer to this department 
of the art. 

155. Patterns exerciec so great an influence on the effect 
produced in tapestry and carpets, that I have deemed it incum- 
bent upon me, owing to the numerous observations I have had 
occasion to make in the Royal manufactories, to offer some 
reflections on the kind of painting most suitable for tliie pur- 
pose- These remarks may interest artists who occupy them- 
selves with works of this nature, and who endeavour to com- 
prehend the principal object of this species of imitation. After 
having determined what are the principal effects wluch they 
ought to attempt to produce, they will see what points of ordi- 
nary painting can be aacrificed to attain to the former; and 
they will thus bo able to draw a conclusion as to what has to 
be done for the perfection of the special part of their copy. 
They will doubtlessly perceive, that patterns of flowers for 
furoitnre do not require to be painted in the manner that a 
pupil of V. Spaendonk would make a drawing for a work on 
botany; that patterns of figures intended for tapestry must 
not resemble miniatures in finish, and, finally, that in all these 
productions, the objeetn ought to be as large as possible, and pre- 
lent absolutely Jine effrcls of colour. 

156. I have established this proposition upon the nature of 
the coloured elements employed by the manufacturer, (of tapes- 
try, carpets, &c.,) and upon the distance at which these works 
ought to be viewed. If I am not mistaken, reasons analogous 
to those I have employed to prove this proposition, may pre- 
•ent the means of establishing, in an ostensible manner, the true 
principles of several of the imitative arts, and these principles 
being once deduced from the specialty of the art to which they 
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refer, afibrd ihe tneana of dietioguiehiog between the efforts 
whieh we may hope to arrive at true improvementfl, atwl wwh 
u can only tenil to a contrary result. ' 

157. I have endeaToured to ehow, tliat some of the ii 
tire arts haTO a more inlimate connexion with jiaintings 
in plain tinting than with those of the chiaro-obecoro etyle^ 
baling my propositions on the following fnct^ :— 

I. The eye experiences incontestible pleaaiire in sei 
different colours, and for this reason, the wainscoting of 
[Qo^t el^ant apartments is gcneroUy painted in van 
colours. 

S, This pleasure, which may be compared to the enjoy- 
ment of taste, ia augmented when bright colours are disposed 
in such a manner, as to recall to nund an agreeable object, 
even if it be not perfectly represented. 
Frmd this I hare concluded, that when we wish to affect 
the eye by colours under the following circumstances: — 

1. When these colours are seen at such a distance, that 
the finish of an elaborate painting would be lost, and, 

2. When a i>ainting is nothing more than ao acce^ory 
employed tn the decoration of sn object, the use of which 
■a at variance with the emplo^'mcnt of any more elaborate 
workmanship, which would besides be of too expen^^ 
nattire; 

copies onght to be made in plain tinting rather than aocoi 
to the contrary method of painting; and choice should be made 
of such objects as are most remarkable from their beauty 
colour and simplicity of form, as flowerB, insects, birds, &c. 
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In the conrse of lectures wliich I gave at Lyoiw in 184S 
and 1843, I entered into an ex]x);fiiioa of the contrast of colours 
as applied to the manufacture of silk stuffs. It was with this 
object in view that the Society of Agriculture and Useful 
Arts, in the Erst place, and the Chamber of Commerce at 
Lyons subsequently, petitioned the Minister of Commerce 
that 1 might rej>eal the suuic course of lectures in that city, 
that I have delivered every two years lu Paris since 1828. 
It was, therelore, in the wish of complying as &r as I was 
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f, with the iutentioii of the icduBtrial bodies at Lyons, that, 
or to the commciiceineDt of my lectures in that city, I 
ivoted mjsell' to the researches which I deemed neoeesary to 
pare me for the inatruutioii of the deeigner and the manu- 
turer, whoso mutual co-operation is iudispeosable to the 
fectioa of stuf^ presenting the beat possible assortment of 
cnliiurs, both as to their mixture and their mutual opposition. 
Tlieec researches, which were made subsequently to the pub- 
lication of my work on Simultaueous Contrast of Colours, in 
1639t will compose the materials for the work I puqiose to 
bring out under the title of TMorin den Effets Optiqiies que 
pratentaient Us Etoffes de Soie; and of which I am going to 

Eent a very concise extract to the Academy. 
In my endeavours to reduce the optical effects of silk stuffs 
t theory, I soon perceived the necessity of placing them 
.v-.lively to the spectator under the most perfectly defined, 
id the eaialleet number of conditions. There ore four prin- 
conditione in which the same stuff may be seen by a 
spectator standing with his face turnctl to the light, or, on 

ethc contrary, with his back against the light. The importance 
pT distinguishing between these four conditions will be under- 
Btood when I have spoken of the effects of light reflected by 
ft system of contiguous parallel metallic cylinders. 
I Fint position of the Ciflinderg. — They are laid on a hori- 
XDntnl plane, and their axb is in the plane of incident light, 

firtt condition, — The spectator, standing with his face to 
tlie ligbt, sees the cylinders very strongly illumined, owing to 
hU receiving much light irregularly reflected. 

Hecoiid condition. — The spectator, turning hia back to the 
light, sees the cylinders darkened, since he receives but little 
light, and that Irregularly reflected. 

Urcond potition of the Cylinders. — Their axis is perpendicular 

the plane of the incident light. 

^^^ird ciindition. — The spectator, having his fnea turned to 

light, sees tlie cylinders less strongly illumined than in the 

:ni condition, eince the only light that reaches him is reflected 

ly II narrow zone from the highest part of each cylinder. 

Fourth condition. — Tbe spectator, turning hia back to the 
litt wjca the cylinders very strongly Illumined, owing to 
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each one being accompitnied by a broad zone reflecting llgbt 
aa by n mirror. 

The cyUnders when Been in the first and second portion, 
when the spectator faced the light, appeared to be unequally 
illunained; but the difference in the cjuantity of the light 
transmitted by them in the first and third conditions ia much 
less than will be the case on observing the cylinders when the 
back of the spectator is turned towards the light, and tor thia 
reason, that, in the second condition, they present the mtuimt 
of iluidtf and in the fourth the viaximum of light. 

The efiecta of which I have been speaking may be oba 
with cylinders of -6, '04, and *02 of an inch in diameter, 
the aid of two systems of metallic cylinders, which I place uf 
the table, we are able to demonstrate that the optical effecta 
of the smaller cylinders are more strikingly marked than the 
of larger diameter. I must add, that threads of smooth &\ 
when arranged pai'sllel to one another, have the same effo 
as systems of metallic cylinders, and, on that account I purpose 
speaking of the optical efteeta of metallic cylinders before I 
treat of those exhibited by silk stuffs. It remains for me to 
prove by experiment the truth of my assertion. ^| 

All woven stuffs are composed of two systems of parallo^^ 
threads, forming the warp and the woof; and arc arranged 
perpendicularly towards each other. 

Silk stufl^s are plain (a), or not figured, and (b) figured. 
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Plain or Unfigured Silks. 

Plain silks arc comprised under two heads: the first, show- 
ing only on the right side one system of threads, conatituting 
either the warp or the woof; the stuffs of the second kind show 
both the warp and the woof. 

Plain Stuffs of the First IXvision. 

First Srctitm, — Stufia whose effects correspond to thoee 
a system of parallel cylinders. 

I am about to show the identity of the optical effecta 
contiguous and parallel metallic cylinders, with those of satin 
and cut or terry velvet. 
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Satin. 

Satin i9 a etiifF, tbe wnrp of which is alone wen od the riglit 
Bi»Ie, in the form of email parallel cylinders, whose extremities 
di^ai'liear in the interior of the stuff itself by the action of sizing 
and dressing, which is indispensably necessary to secure the 
threads in the plfiees in which it is intended they are to remain. 
The joiniDgs of the sizing are irregularly distributed, in order 
that, by concealing them as much as possible, the surface of the 
eatin may appear alike smooth and shining. 

Satin is ordinarily made with the warp, but it may also be 
inacJc with tbe woof, 



Cut Velvet. — Velvet termed EpingU, or Terry Velvet. 

This is a fabric having transversely formed hoUow flutjngn 
or ribs which are producetl by means of a cylindrical bar of 
iron, which, after having been covered by the warp, is separated 
from it in such a manner that the rib remains hollow throughout 
its whole length, presenting on the exterior the appearance of 
a cylindrical surface formed by the warp. 

In order that the optical effects presented to the spectator 
should be what we have described, every rib formed by the 
warp ought to exhibit the latter as neai-Iy as possible in the 
form of equal rings, parallel to one another, and perpendicular 
to the axis of the cyUnder which they represent. 

Now, BU|ipose we place two cuttings, a and b, of the same 
eatin upon any horizontal plane, in such a manner that the 
threads of tho warp or the woof of the satin, according as the 
cu»c may be, of the piece a shall be perpendicular to the threads 
of the piece b, the effect will be identical with that produced 
Iiy nielallit; cylinders, when observed under the same circum- 
stances. 

The same results were obtained on making the experiment 
with cut velvet, but lees difference waa observed between the 
two pieces of velvet than had been noticed in the case of the 
ntin. owing to the surface of the cylinders for tbe velvet being 
tnuiBversely ribbed iostead of smooth, in consequence of these 
tyUoders being formed by threads wound perpendicularly round 

Q 
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the cylindrical peg or ebuttle, whose form they reproduee in 
this mnDner. 

In order tiiat we may duly appreciate the influence that 
flatinge or trauBverBe chanuelings may have on the effects o( 
light, we will now consider the manner in which light u 
reflected in a system of tranBverse flutings. 



S^hctioru of Light Jrom trangversely fuled Cytinden. 

I place upon the table metallic cylinders hn^-ing transraw 
Qutiaga of various depths, by means of which the following 
fact« may be demonstrated. 

Firtl potitiim of Uie Ct/Uudcn. — They are laid on a hori- 
sontaJ pLmc, and their axis is on the plane of incident light. 

First candilion. — The spectator, standing with his face to the 
light* eees le^ light re6ected than &om the smooth cylinders, 
owing to the flutings diminishing the extent of the surface, 
whioh, in the smooth cylinders, reflected light as from a mirror, 

Second conditioH. — The spectator, turning hia back to the 
light, receives a very strong reflection of light, as his eyes are 
directed towards the face of each fluting, on which the light 
fiJU, 

Thid result is inversely the same as that observed in tl 
plain cylinders. 

Sewmd potifiun ofthr Cyliiuler*. — Their axis is perpendicular 
to the plane of incident light. 

Third randitiim. — The spectator, when facing the light, sees 
the cylinders brighter than they were in the first condition: 
the result is, therefore, inversely the same as that obtainc 
with tlte plain cylinders. 

Fourth condition. — The spectator, when standing with 
back to the light, sees the cyUndcrs less brilliant than in th< 
second condition, and much less so than in the plain cylindera. 

"We may, consequently, define the results of the reflection 
of light by transversely fluted cylinders as the reverse of thomg 
pruduood by smooth or plain cylinders. ^| 

SKond tection. — Stuffs, whose effects correspond to those 
of a STBtom of cylinders fluted perpendicularly to their axie, and 
parallel with one another. 
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^V "While we arc ignomot of the manner id which light is 

^hjAected by ojlinders, with smooth or tmnsTcrsely fluted sur- 

^HmMi wc muBt be at a loss to explain how cut velvet, with ite 

projecting riba, will appear in the light, when compared with 

Mtine whose surface is so uniformly smooth. Our astoniah- 

■uent is still more increased when we observe reps (ribbed silkti,) 

which, like cut velvet, liave marked ribs, acting upon light 

differently from the latter tissues. After having compared 

together the reflection of light on the surface of smooth cylin- 

ilerB and on that of transversely fluted cylinders, we shall be 

able by the aid of the lens to discover the analogy cxieting 

between tlie surface of ribbed and fluted etiifls, haa'mttes'', and 

^mdimitienf, with that of transversely fluted cylinders, and our 

^fcurprisc will then cease aa wG find an explanatory cause for 

^Keflecla which had struck us as so strange. 

^B Jirp», (ribbed silk properly so called,) or reps par le trame, 
fribbed in the woof,) jiresents an appearance of ribs, the warp 
^ of which forms the axis: the intermediate space between the 
^■threade of the warp forming the rib, gives rise to longitudinal 
fiuTows. The woof entirely covers tlie warp on the right side, 
in Uie form of cylindrical or flattened rings, each of which is 
separated from the next by tranaverse fiirrowB, generally more 
Btrongly marked than the transverse ftirrows of the cylindrical 

tib» of cut velvets. 
1 lay upon the table some specimens of reps par Ja trame, 
rilks ribbed in the woof,) presenting precisely inverse phcno- 
acna from those of satins and cut velvets. 
It 19 certainly very remarkable, that these last-named stuffs 
with their ribs should produce the same effect as satin, the sur- 
^—fiicc of which is the smoothest presented by any stuflT, whilst 
^Rhey exhibit the inverse effects to those of reps, (ribbed stuffs,) 
^^io which they approximate so closely by their ribs, 

Rrpi par la chaSng, (stuffs ribbed In the warp,) baxmetten, 
(which only difl'er from stuffs ribbed in the woof by the inequa- 
Kty in the width of the different ribs,) and dimities, (differing 

^H * Ba*ineUe,» jM>aA\n made or<ilk and wool, tlic ribs ofuiieiiiiij nidlli. — TV. 
^^ 't Dimiti, a musUii made of iiUk and cotton, (the ribs voiy wide tiut erjuol.) 

Both am vsricliM of whftt in tlie Inide in tliiit country in known wi MoitttiM 

•It mir.—Tr. 
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in tlic size of the ribs.) produce the aame effect upon light flS 
Btufis ribbed in tlic warp, nnd consequently as cylinders having 
transverse Hutinps. 

Third section. — Mix;k velvet, or velvets with cotton backs. 
There are certain stuftis termed mode velvet, which resemble 
cut velvet, and like the latter Lave transverse ribs; instead, 
however, of their being hollow, they are filled up by a cotton 
or silk woof, in order to prevent the effect so easily produced on 
the hollow rilia of cut velvet by external pressure or friction. 
Mock velvetfl have a closer analogy with ribbed etuffs than 
with cut velvet, when we consider the optical effects they pro- 
duce, especially if we look at tlieni with our face turned from 
the light as in the second and third conditions; but if Llie 
spectator face the light, he will be able to observe ejiecimens 
of this stuff, which are more illumined in the first than in the 
third condition, and they will then produce the same effect : 
cut velvets. 

Conclusion. — All plain stuffs which exhibit on the right side 
only one system of the thread constituting them, act upa^| 
light in a similar manner; as, ^^ 

1. A system of smooth contiguous and parallel metallio 
cylinders : for instance ; satins, whether showing the warp 
the woof; cut velvet, called terry velvet, 

2. A system of fluted transverse and parallel metallic cylll 
ders. Reps, showing the warp or the woof; bazinettes, eo 
poBed of silk and wool: dimities, equally striped, silk and cotton. 

3. The greater part of mock velvet stufl's act upon light ia 
the same manner as reps, but there are some which present 
a epecfator, having hie face turned to the light, effecU analc 
gous to those of terry or cut velvet. 

Plain stuffs of the second divifioji. — The stuffs that simult 
neously show both the warp and the woof are very numerous ;■* 
such tor instance are gauze, crape lisse, taffetas, including 
Florence silk, sarsenet, and taffetta properly so called, louieine 
groB de Naples, pou de soies, satin turque ; various serges, coni'^ 
prising Levantine, Virginie, and Filoche*. 



tallio , 



■ Strgi is a coane blafk twilled silk, ani Lpvonline, Vir;ginie and Piloch j 
mere viuiPtiea of the same, knonn lo silk-m^rclianU in this country by llie 
same namm. — Tr. 
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V The surface of these stuffa may either be plain or both 
fetriped and t/Tamdar* . In all these cases, the optical effects 
produced by the reflection of light are referriblc to the pre- 
ceding principles. These stuiFs, therefore, when seen by a, spec- 
tator standing with his face to the light, (^xhibit both the warp 
and the woof, and the effects pi-odiiced vary with the position 
pf the warp relatively to the plane of the light, and according 
'to the predominance, subordination, or equality of the warp 
with reference to the woof. 

In order properly to apjireeiate the influence of each of the 

■elements of winch I have spoken, with respect to the optical 

Tcct of a, pattern of a plaiu smooth stuff belonging to the 

ad division, we must first consider ^/(w^', or shot stuffsti 

is to say, stufts which have the warp of one colour, z, 

the woof of a colour, y, or the warp of one colour, r, and 

fic woof composed of two thi'eada, one of which is of the 

aloury, and the other of a colour x; and in order further to 

ike into account all the optical effects that may bo observed, 

re ought to have recourse to iht: principle of a mixture ofeoloun, 

nd to the principle of regulating their contrast. 

Conl'ormably to the first of these principles, red nused 
with yellow gives orange; yellow mixed with blue, green; 
led mixed with blue, violet; and, finally, red mixed with 
green, yellow mixed with violet, blue mixed with orange, pro- 
duce black or normal grey. 

Furtiier, conformably to the principle of simultaneous con- 

tnwt of colours, when there are two parts of the surface of 

^Ktho same stuff phiced side by side, hut so oa to present two 

^■Uneriually illumined, or differently coloured surfaces, these 

^PBurfaces will appear as dissimilar a^ possible, with respect to 

brighlnesa and colour, if one only or both arc coloured; and 

IB this case the modification is eUceted by the additiou of tlio 

complementary colour of one of the surfaces added to that of 

the other surface. The following are the four prbciplea to 

^H which those effecU are definitely re ferr I ble, which it bos been 

^■thv object of the present work to explain. 

^f • The iiBm« of llie kind of ailk wiBweriiig \o grenut la gt4nadiiit,— TT. 
^^ t Hilki ■*!>( Willi cue colour ure teriin-'d gtaoi, or properl;' sgntioDg, shot, ud 
thaiMUvii wliou abut wiili B«veial cotuurb. — Tt. 
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1. The principle of the reacction of light, by a syet 
contiguDua and parallel metallic cjlioderB. 

2. The principle of the reBection of light, by a system 
metallic cylinders fluted perpendicularly to the axis. 

3. The principle of the mixture of colours. 

4. The principle of the elmultaneoua contrast of colours. 
I will present some examples of the optical effects of gl 

or shot stuffs. 

First Example. — A piece of ^ros tie Naples, the warp 
which IS blue aud the woof red, will appear violet to a person 
turning his face towards the light ; if the warp be in the plane 
of light, the violet will be redder than in the opposite case ; 
this is in conformity with the principles of the reflection of 
light by metallic cylinders, and with the principle of the niixt 
of colours. 

The same stuff seen by a person turned from the light," 
appears red if the blue warp be on the plane of incident ligh' 
and blue if the warp be perpendicular to this plane, and 
in conformity with the principles of reflection by a system 
metallic cylinders. 

Second Example. — A stufF which has a blue warp, and 
woof formed of two threads, one of which is yellow and l! 
other red, will appear of a slightly coloured grey to a i)er80i 
facing the light, in consequence of the three colours not being 
exactly neutralized. These eS'ects are produced conformably 
to the principles of the reflection of light by cylinders, and to 
the itrincjple of the mixture of colours. 
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The same stuff seen by a person with his back turned from 
the light appeai-s, 1. blue, if the plane of the light be perpen- J 
dicular to a blue warp ; 2. yellow, if the warp be on tlic plana^| 
of light, and if it be the yellow thread that is presented to the 
eyes of the spectator ; 3, red, if the warp be in the plane 
light, and If the red thread of the woof present itself. 

Such is the simple explanation of the eficcts exhibited bj 
the shot silk stiifls known as chameleon silks. 

I should exceed the limits of this extract, were I to taka 
other examples of the glace or shot stuffs suited to the appli- 
cation of the principle of the contrast of colours. I will 
therefore, present only three patterns of stufis not shot, formed:] 
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(a) I, One uniformly white stripe, and another like- 
wise wlute, but open figured stripe; the latter will appear 
grey; 

(i) 2. One uniformly thick yellow stripe and a white 
open-worked stripe; the latter will appear lilac, from the 
effect of the complementary to the yellow of the thick 
stripe; 

(c) 3. One imiformly thick violet stripe and an open- 
worked white stripe; the latter will npjjcar of a Btraw 
colour, owing to the effect of the complementary to the 
violet in the thick stripe- 
By on application of the reacarches I have made I have 
ttecn able to solve the following question: in manufacturing 
_a gros de Naples that is to be shot with two given colours, 
rhicb of the two should constitute the warp? my answer is, Ihe 
rker., or the least, hrfi/hl. 
Examples.— Blue and orange shots, or blue and yellow, 
^iolet and orange, and violet and yellow, are very beautiful 
rhcn the warp is blue or violet, but when the opposite is the 
e, the effect is bad. 

When a shot silk is to be made with one colour and wliite, 
be colour must be used in the woof, and the white conae- 
|uently in the warp; the result is not contrary to the first 
ned, as I have demonstrated in my work. 

Watered Stuffs. 

The term watering, moire, ia applied to designs produced 

means of pressure suitably applied to ribbed stuffs. 

In order that the watering may produce its proper effect, 

. is ncccB^ry that the ribs of the stuff should have a certain 

licncy, and this can be effected by the pressure to wliich the 

tuff ia subjected being applied unequally to the different parts 

of the same rib, and obliquely to ita axis, as I am about to 

•bow. 

Watering presenta different patterns, according as the stuff 
b pressed, after having been folded in two longitudinally, or 
after being phvced in several transverse folds, or, finally, after 
aing two perfectly similar pieces with their right sides in 
itact; modlfiaitlona in the watering are likewise produced 
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by drawing and stretching the stuff, or running the dye per- 
pendicularly to the axea of the riba towards aymmetrically 
arranged points, by which means undulating lines are formed 
iu the direction of this originally rectilinear iisis. 

Theory. — If the eiJes of the two right side surfaces lO 
contact were laid exactly the one over the other, and if one 
piece of stuff were folded together, either in a transverse or 
longitudinal direction, or if we had two like atufis applied, the 
one against the other, there would be no »iitcr if the perfectly 
homogeneous sides did not mutually produce and receive im- 
pressions perpendicular to the axes of the riba, which I suppose 
to be included in the same phme, and symmetrically an-anged 
relatively to the rings of the ribs produced by the warp; thia 
is the case with groa de Naples, which is a stuff peculiarly 
fitted to receive the impression of watering; if these conditions 
be not fulfilled there will be a mere smoothing or crushing 
of the salient parts, and the stuff will consequently resemble 
smooth-faced tissues. As, however, this homogeneous con- 
dition of the riba, and pressure perpendicularly applied to their 
axes, cannot be practically effected, one rib in coming in contact 
with another or a different portion of itB own extent exercises, 
at different points of its length, an unequal pi-essiire obliquely 
to its axis, at the same time that it experiences a similar 
pressure from the rib opposite to it; consequently, the initial 
symmetry of the different parts of each rib is deranged. 

Before examining the optical effects of the whole of the riba 
constituting a watered stuff, I will describe the modificationa 
undergone by a single rib in its whole extent, by the process of 
watering. 

The easentiid modification experienced by one of the ribs' 
in this proceea, is, that instead, as before it was watered, of 
exhibiting on the right side a perfectly identical cylindricaJ 
surface, having fine transverse furrows, it assumes a prismatic 
form, appearing different at different points, and at difii^rent 
points of view, the rib being undulated instead of I'eotilinear. 

Thus, when on facing the light we look only at one side of 
a stuff having its ribs jierpendicular to the plane of hght, and 
being jJaced on a horizontal plane, there is one part that will 
appear under the form of a dlhedric angle, one of whose sidi 
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^Hky be completely light and the other dark; uoother portioQ 

^■f this rib will present one eide on im inclined ur horizontal 

^^hne, which atfordij an excellent means of observing the cHl'ct 

^K the pressure on the whole of the ihreiids, perpcndicnlai- to 

^Hb Tibs, which, before the ti^uc was watered, cousliluted the 

^^hgs. In fact, the latter present a series of small shining and 

^Btiny elliptical figures occasioned by the flattening to which 

|PVK''y have been subjected; these two portions come in contact 

with ft third, which appears, from tlie uianner in which it 

^Hlflecta light, to have been twisted, as it were, but which, in 

^Hwdcquence of the compreaaion applied oblicjucly to its axis 

^B^ a rounded rib, resembles n furrow, one extremity of which 

'efciiiB turned forwai-d and the other backwai-d. We may 

olwcrve by the lens lluit the smiill and silky ellipses of the 

furrow are folded together in the direction of their smaller 

diameter. 

On ravelling out the llireuds of a coarse watere<l stuff, and 
taking those on the interior of the rib, we may observe how 
the whole of the thi'eads are compressed, appearing prismatic 
and twisted as it were, and being, besides, furrowed perpen- 
dicularly to their length from the effect of the pressure of tho 
rinf^ which partially cover them on the right as well aa the 
^dVrung side. 

^P As the different ribs of a stuff that 10 not watered are all 
{Kindlel to, and dependent upon one another like parts of the 
jne system of a tissue, there will always be contiguous parts 
dunging to different ribs which will ncceBsorily experience 
lilar modifications, and in the same direction, from a like 
BtSon; and when we add to this, the effect of drawing or 
inning the dye towards points eymmetrieally placed along 
\tc Ivngth of one rib, and which may be applied per[)endi- 
inrly to the axis of this rib, it will be easily imdcrstood that 
[»ntiguou» and mutually dependent jmrts, experieueiug the 
lino modification, will present an appearance of zones of a 
ain width and a certain symmetiy. 

On examining with the lens a watered stuff, laid upon a 
table, in euch a manner that the ribs arc perpendicular to the 
^phne uf incident light, these effects will be luudc apparent-, 
^bhen ail the strongly slioded purls appear like the postiu^of 
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faces of a certain number of dihedric angles of the contiguov 
ribs, the parts in half ahadc will look like parta of the anterior 
and posterior facea of dihedric angles mode vieible by tl^H 
inclination these portions of the riba have received by th^^ 
pressure to which they have been submitted; and, finally, it 
will he observed that the luminous parts belong to portions 
of the ribs, which, liaving been strongly compressed, eihit 
the horizontal or slightly inclined face of a flattened prism. 

On looking at the wrong side of a watered stuff the wate 
ing is perfectly apparent, although there is not the eamfi 
inequality in the sahency of tlie different parts as on the right 
side; we may likewise perfectly well distinguish the undulatic 
by the action of watering on the asia of the rib, which 
originally rectilinear. We will distinguish two kinds 
watered atuffa: the first comprising monochromatic tcatered stu^ 
and the second, watered stitjfi; as the pri>ccss of watering is* 
alike applicable to monocliromatic and lo shot stuffs. The i 
question here arises: is the process alike advantageous to botl^f 
kinds? This subject has been treated in detail in my work,^^ 
and the researches to which its consideration have given ria^^ 
have led me to the conclusions I am about to give in a 
concise form. 

There is this great difference between a monochromatl 
watered stuff, and a shot stuff not watered, that the fonii< 
appears to the greatest advantage when presenting to the eve 
broad plane surfiices covered with designs of great simpUcity, 
possessing a certain mobility and a variety of aspect whii 
does not injure the effect, whilst a shot material, not wate 
must be laid in folds, as when made into articles of we 
apparel, before it will present the effects which make it 
much admired, and which exhibit a variability of colours 
according to the position in which the spectator observes them, 
and which thus acquire the apparent mobility of watered slufla, 
without, however, assuming the form of the undulating figures 
that are characteristic of the last-named tissues. If, on the 
contrary, folds are not Injurious to the effect produced by 
watered stuff, it must be admitted, that it appears to thi 
greatest advantage when seen smoothly stretched, as in articlei 
holstery, or even as the cover of a book in the roost 
'"orms of binding. 
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MVe thus see tliat the most special use of watered and ehot 
ifii IB entirely in occordunce with the preceding conaidera- 
ims; add to this, that patterns of watering do not cut the 
blour of the stuff more than by the opposition of shade to the 
(ht, whilst the effect of a shot may present the moat extreme 
ppositioD of colours without loslug their beauty. 

The possibility of combining in one stuff the etiects of 
RtcrLng with those produced in a ehot stuff, depends upon the 

BDlial difference existing between these effects, and we can- 
Dt iheret'oro assert a priori, that the combination will, of necea- 
ty, give rise to confusion. 

I will now give an exposition of the facts demonstrated by 
Rperimcnt regarding tliis question. 

Monochromatic Watered Stuffs. 

The beauty of a watered stuff is biiscd upon a taste for 
the design, and pleasure in the appearance of a simple form, 
presenting an apparent mobility and variability, which in no 
w»y detract from the good effect of tlie whole, and, consc- 
qaently, to attain to the maximum of the effect of which this 
etult' is susceptible, it ought to present as simple an image as 
possible, in order to exhibit a light, mobile, and, as it were, airy 
a]ipcftnincc. This is the cBect produced by watering in the 

liter pai't, if not in all, monochromatic stuffs. 

Shot-wafered Slup. 

The beauty of a shot stuff, consisting in the contrast of 
colours, its metallic brilliancy, and the lightness of its 
which call to mind the most varied tints of clouds 
by the sun, place it in the greatest possible opposition 
1 the beauty of the effects produced in watered stuffs. Besides 
bi», a ehot-watercd stuff, presenting as it does a great con- 
of colours amongst the different parts of the design, loses 
uch of the beauty it would possess if it were monochroomtic. 
I conclude incontestibly from this fact, that every shot 
iiff, in which the cvilour of the warp and that of the woof 
are employed in the most suitable manner, loses by the process 
of watering. 

All shot stuffs do not, however, lose alike by tbe process of 
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watering, and as in the opinion of some persons, watering may 
add to the good ett'ecl of shot stuffs, I will speak of those case, 
in which, if it be not decidedly advantageous, it is not at an; 
rate injurious. 

Tiie disadvantageoua effect produced by watering will be 
proportion to the degree of opposition between the colours 
the warp and the woof; for indlancc, blue and violet, and blue 
and green, produce shota, the watering of which is sufficjeiitljr 
homogeneous to excite the admiration of many. 

Finally, watering ia decidedly advantageous to a shot stu: 
rendered defective by any inequality in the threads, either by 
lines or bars, since the process of watering destroys the effect«{ 
by interrupting more or less the continuity of the lines. 

B.—Fi!/ured Stvffs. 

The last part of my work is devoted to the consideration 
Jigured stuffs. Before I speak of their effects, I will examine 
the six general cases, which they present relatively to the 
position of the threads, and the influence thus exercised on 
the optical effects produced, putting the subject of colottt,. 
entirely out of the question. 

First case. — A fii/vred stuff presenting but one sole effect^ 
either of the warp or the woo/. 

Second case, — A figured stvjf, presenting simultaneoiuty cm | 
effect of the warp and the woof. 

Third case. — A stuff, presenting an effect produced by the | 
warp upon a ground of taffetta silk. 

Fourth case, — A stiff, presenting an effect of the warp upon\ 
a ground of a kind of taffetta silk. 

Fifth case. — A stuff, presenting the effects produced, both b^ I 
Uie warp and by the woof, vpoii a ground of a kitid of taffetta. 

Sixth case, — A stuff, presenting effects arising from a web qf\ 
taffetta on a ground of the same kind of web. 

To this part of my work appertains especially the applica- 
tion of the principle of the contrast of light, since two or more 
colours may be employed in forming not only a shot, but defi- 
nite and permanent figures. 

The i'ollowing table indicates the arrangement of the sub-J 
jects composing the work, of which I have given the shortest j 
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posrible extract. In completing my work at a distance from 
Xijons, I should have experienced great difficulties in speaking 
clearly of mnnj circumatancca connected with the weaving and 
manufacture of silken etuflk, if I hod not had recourse to the 
aid of M. Piohci-t, our excellent brother Academician, whose 
profound knowledge on these subjects and wboae obliging 
assistance hare contributed to render tliis work less imperfect 
than it would otherwise have been, and I niosl gladly avail 
myself of this opportunity to express my obligation to him. 



TABLE. 



Mv* PainI <4 Vitw. — Smooth plain tnonochraniiitic atuHs considered reUtJTEljr to 

tliu rflect which the warp and the woof maj have upoD the reflection 

of light. 
Fmt Oipuion.— Itlonochroinntic^ stufTfi, llic essential oplinkl effects of which may 

be exclusively referred lo the wtirp or the woof, 
TinX Stt4um. — MouochroinnticitntB with a smooth siirTace, and moocchromiilio 

aliilTs witli a riblied surface, the optical effects of which aorrespond 

witli those of a system of parallel cyUiiderB. 

1. StuflW with a plaio or smooth suTfnee, u wtins, showing the 
warp or the woof. 

2. Stuff* Willi a rihbed surface, as cut velvet, called lernr velvet. 
tmnid Seclitm. — Monuclii'oiniLlic stuffs with parallel ribs, the optical effectu of 

which rorretpuLid witli those of a system of parallel cj'ljudcrs flut«d 
perpendicularly to llicir axe*. 

1 and 2. Brpt ribbed in the woof, or in the warp and flolcd. 

3. Bozincttes (silk), uiusliu made of silk and wool. 

4. Dimities (silk), muslin made of eilk and cotton. 

mri .Tntfin'i.— Monoclironiaiic elnOi huviii]; porullel rihs, tlie optical effects of 
which eorrecpoud both with those of a system of parallel cytindcra, and 
with those of a ay stem of cjfUnders fluted perpeodicularljr to their 



Cekt*is Mock oa Ikitatiox Vblvbt*. 

r»irth 5«cMmi.— MoDOcliromatio stniT* having parallel ribs, the optical efiecU of 
which corn«poiid with those of a system of parallel cylinders, fluted 
[n such a manner aa lo appear equally light in the fint and third 
conditions. 



Ckbtiih Mock oa iMnariOK Vslviti. 

iM*ulanv— Monochnimatic alulb, whose optical effects ore referrible both 
lu the warp Mid tbe woof. 
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Fini Sreliei.— 



SftanJ Stttan^ — 
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Ouiae. 
OimpeSme. 

Flomico nlk. 

Skraenet. 

Tkffette. 

Loufajne. 

Gm de Hafllee, 

Pon Ae coie. 

Satin lur<|ae. (Also Tungunise, M called from Uie eoloui,] 

Srrgf — Coorae bisck twilled Rik. 



„./%, t Tarietie* of the same. 
— Flinch^ I 



TMtil S^tiim. — Filoch^ 

Smmd Point of ('(ne.— Smootli plain stuSa, tlie VBip and WOof of wtiich IN 
ii|>|injent, and cxiiibit two diScrenl coloon. 

Shot Srvria. 
FirtI SfelioH. — Shot stufls bsving ■ monocliromatic woof. 
Sramtl Stelion. — Shot ilul^ having a liciirotiialic woof. 

nird PotnJ of PUv. — Plain moaocliromatic sluffa, or shot stufia conmJeml 
rdaiivcl)' lo the process of wotering. 

■Watebib Stdpfs. 
Fill Divinm, — Walored stnfls. 
StMnd DiBuioA. — Shot n-ater«d etufis. 

Fim Seelimt. — Shot wntcred stnfis liaving a monochromatic woof, 
SmmU SMbB.— Shot wtLtt^red «luf[i having a bicliromatio woof, 

fWrIk f plHl itf ri#<r. — Stuffs considered with reference tojtjtd pattenu, 
is to nj, sQch OB prcserre their tinla wluttevcr be tlie poMtJon 
which thcf are conddered. 

PtooKED STtirrs. 
FinI DivirioH. — SloDochromsIic fignrcd stnfis. the Optical eff(<ct> of which ar* 

exclunvel; rrf^mble to the warp or to tho woof. 
SrcatHi Diriiwi-— Monochromatic figured slufia, whoso optical effects are tdinnl- 

taneously roferrihle to tlia warp and the woof. 
TlkirJ Diviiian.— PiguTed stuITi, whose optical effect* Are referrible to 

different tones of tlie same coloar exhibited in tlie threads. 
Fottrtk Hioiiimi. — Pignred Bluffii, whose optical (JTects are referhlje either 

thu threndB of one eoloiir, or of several colours being combined wi 

white, block, or gre; tlirenda, or lo threads of maiij' coloura com- 

binral together, including while, grey, and block. 

Tho work, of wliicli the iibove is a short extract, was 
lidicd in the last sc^ioa of 1616, at tlie e:!(pcn8e of tlie Chunl 
of ComiDcrce at Ljona, 
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MEMOIR. 



ON THE LATENT HEAT OF STEAM AT DIFFERENT 
PRESSURES. 



Bi; V. REGNAnLT. 

My object in the present memoir is to determine the amount 
of heat necessary to convert 1 kilogratiime of water at 0° iiilo 
■team at difiercut pressures. I sludl express these quantities of 
hciit by designating the number of kilogrammes of liquid water 
(hey are able to heat from 0" to 1° centigrade. 

In the middle of the last century, Black was the first who 
mule the important observation that, a large quantity of heat 
baorbed in the formntiou of steam, or inatituted e3cpcri- 
I for the puqwec of measuring this quantity. His manner 
of proceeding waa as follows. He placed a small vessel full of 
water on the top of a cjist-iron stove, in which a fire was kept up 
villi puthcicnt regularity to admit the assumption, that the 
reeael received in equal periods of time pretty nearly equn] 
quantitiei* of heat: and he then made comparisons between the 
time it required for the water to come to the boiling-point, and 
the tune required for the some water completely to boil off. 
This experiment, although sufficient to demonstrate the absorp- 
tion of heat which takes place during evaporation, is too rough 
lo ^ve the result in strictly accurate measurements. Black 
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wfifl liimself aware of this fact, and he aubscqucntly in coiwe 
wiili Dr. In-ine, instituted new experiments, in which lie ma^' 
nse of llic method of mixture*, which lie had devised for thi- 
purpo&e of detemuTiinfr the specific licat of bodies. He mwlc 
use to this effect of an ordinnrr still, and nie4i«ured the elevation 
of icniiwralure experienced by the cold water surrounding the 
worm, by the condensation of a certain (Quantity of sUmbl. 
Black thus obtained 530 dtfgrees Cent, which is much too low, 
owing to his not having taken into account the necessuy cor- 
rections*. 

The celebrated Watt made experiments on this subject at 
vnrtoue intervals, and was first led to direct his attention to the 
Bubjcct at the Piiggeetion of Black, whose pupil he had been. 
Watt's first observationa date from 1765, and yielded him the 
number 766, which, however, he himself regarded as inaccurate. 
He resumed the subject in 1781, and then made the experi- 
ments, described by himself in the article .Steam in Robison'l 
Mrchanical Philosophy. (Brewster's Edition, voL ii., p. 
The mean of 1 1 determinations gave the number 625*2, but ti 
was regarded by Watt as too low, and he adopted as a mor 
probable number, 633-3. 

Rumford attempted to determine the same clement by means 
of his calorimeter. Water was put in a gLiss retort, the neck 
of w hich rising up was inserted by a cork in the mouth of the 
worm of his calorimeter. ^M 

Rumfordt thus found the numbers 669-0, 6708, and 671™ 
in tlu-ee different experiments. These numbers are too high. 
In the method pursued by Rumford, a certain quantity of eteom 
was condensed in that part of the neck of the retort within the 
calorimeter, which imparted heat to it, although it fell l>ack into_ 
the retort in ii liquid state. 

Dr. Ure published a memoir in the Phil. Trant. 181( 
p. 385, in which he proposed to determine the latent heat 
evaporation of a certain number of volatile substances. Ure's 
experiments were made with a simple apparatus, which, how- 
ever, was ill adapted for yielding precise results. It consis 
of a small glass retort, having a short neck which entered into a 

* Leelirn oh thf Etmenlt qf Chemiilrf, vol. i. 
t Biol, TrailJ di Ph^H^itt, I. iv., p. 710. 
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receiver of thin glass, of a t^phcricol fonu, and 3 inches in 
dittoieter. This receiver was surruunded by a certain i|uantity 
«i' water encloaed in a glass cylindrical vessel. 200 grains of 
the liquid to be tested was put in the small retort, and rapidly 
distilled by means of an Argand lamp. The water of the small 
calorimeter was continually agitated by menus of a thermo- 
meter, which indicated its temperature. Dr. Ure by this 
method found the number 6375 as the representative of the 
quantity of heat required to reduce a kilogramme of liquid 
water at 0° to steam at a pressure of 760 millimeters. It must, 
however, be observed that the residts arrived at by Dr. Ure 
were calculated with sn incorrect formula, aa has already been 
mentioned by M, Brix {Poggendorff's Annaleit, LV., p. 3ol), 
and that the preceding number becomes reduced to 593-4 
on a[ip1ytng the true formula to the numerical data of his 
experiment. 

Dr. Ure states in the memoir already cited, that Laviaisier 
and Laplace had funnd the number 655, but I have sought in 
vain for this determination in the memoirs published by these 
illustrious authors. 

AVe find in the Trnlte de Pbi/niqne, by Biot, t. iv., p. 713, 
that Gay Lussac on the one haud, and Clement and Dcsormes 
on the other, have obtained the same number, viz. 650; but 1 
have nowhere been able to find the details of their exjieri- 
menta. 

The most important and recent experiments made on the 
subject under consideration are due to Messrs. Dospretz and 
Brix. 

In a first series of experiments (AnnaUs dt Clitmif et de 
Pkiftique, t. xxiv., p. 323) Despretz made use nf an apparatuB 
eitnilar to the one employed by Bumford. The mouth of the 
rrtort enclosing the liquid entered into a copper worm which 
[Mtsecd through an oblong and rectangular box of the same 
metnl, and came ont through one of its walls; the condensed 
litiuid passed through the worm and fell into an external vessel 
K( arranged as to receive it. The box held 2703 grammes of 
wilier. Resprclr. found the number 631 for the total heat. 

In a second series of experiments, Despretz made use of a 
ealorimeter of much lurger dimensions, which was capable of 

R 
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contaiDuig 30 liters of water. The condensed liquid rematoeS 
at the bottom of the worm and could be wdghed with cxact^ 
nesa. This series gave a higher Diuuber than the former, 
namely 640. ^M 

M. Brix in his memoir {Paggendorff'$ Antialcn, W., p. 341^* 
entered iuto an elaborate discussion of the different causes of 
error that may affect the results obtained by the method of 
mixtures, when used to determine the latent heat of steam, and 
he endeavoured by a long course of careful investigation to 
render tlie sum of the errors as small as possible. M. Bri^^| 
principal object was, however, to determine the latent heat 0^^ 
other liquids than water; and it was probably on that aecount 
that he made use of an apparatus of such very small dimen 
sions. fFig. 1, Plate I.) 

In this case, the sum of the corrections necessarily acqt 
a very large relative value, and consequently throws mor 
uncertainly upon the absolute value sought. 

However this may be, M. Brtx deduced from his exper" 
menta on steam, the same number 640, which was obtained 
M. Despretz in his second series of experiments. 

It may be seen from the preceding remarks that the numbenl 
obtained by different experimentalists differ considerably from 
one another; but it must be observed that the experiments of 
Mesars. Despretz and Brix, which merit most attention, lead to 
the same result. The number 650 has been generally adopted 
in practical mechanics. 

The labours that I have enumerated were solely directed 
the determination of latent heat of steam under ordinary atmo 
spheric pressure; while the experiments, whose object it lias" 
been to determine the same element under different pressi 
are very imperfect, and much less numerous. 

Watt admitted that the quantity of heat necesiari/ ta cont 
1 kilograjnme of water at(f into steam af any pressurt; is constant;^ 
consequently, this quantity is always the same whatever be th< 
temperature of the steam, provided the latter ia in a etatc 0^ 
satm-ation. 

This proposition which is known as ffatt's law ought rather 
to be reganlcd aa an hypothesis of this celebrated mechanician, 
sinoe ho did not establish it by direct experiment, but simply. 
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ie one experiment under a lower prciwure thnti that of the 
I atmosphere, and this waa admitted by Watt himself to have, 
been very imperfect*. 

Soutliern and Crcighton made more carefully-conducted 
experiments in 1803, to determine both the density of steam at 
different pressures, and its latent heat under the same con- 
ditiona. Their observations are incorporated in a letter ad- 
dressed to Watt, and which has been publiehed by Bobifion, in 
bis Mfchankiti PkUosophy, vol. ii., p. 160. 

In a first series of experiments, Southern found that the 
latent heat of steam may be represented by the following 
, numbers : 

ai6'5 at a prt^saare of lOIG Millimeters. 
MM „ 2032 „ 

fiS4-0 „ 3049 „ 

In a second series, which he regards as more exact than the 
former, the some physicist found : 

e'23'3tit a pressure of lOlC Millimeten. 
62S3 „ 3032 „ 

I127-7 „ MI1J8 „ 

Southern concludes from these experiments that the latnit 
hral of evaporafion, that is to eaVi the lieat absorbed in ibf tratiti- 
^tianfrom the liquid to the fftisnimi state, it eonntant at all pressures, 
atiil ihiit the tiitiil ijuinitilii of heat maif he obtained bij adding to 
the comlaiit latait heat the number representing the temperature of 
the steam. 

This law is known to physicists as Southern's law. Clement 
ami Dcsormcs made new cxperimeuts on this subject in 1819. 
They made use uf a large boiler, in which the water might be 
brought into ebullition at different pressures, and caused equal 
quantities of steam to be condensed in a refrigerator containing 
ho same quantity of cold water, taken at the same temperature 
in each experiment. They thus discovered that the refrigerator 
acf|uirc<] the some temperature at the close of every experiment, 
wlinicver the pressure might have been at which the atcam had 
liecn formed. The experiments of CIdmeut and Desormcs thus 
confirmed It'atfg law. 
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The labours of these phyaicUts are only known tlimugh an 
extract published by M, Tbcnartl in hU Traits de Chimie, vol. i-^^ 
p, 78, and communicated directly to liim by one of these obser-^^ 
vers. This extract will be found in the accompanying note*. 

In order to complete the historical sketch of the attempt* 
that have Iteen made to determine directly the question before 
118, I roust not omit to mention that M. Desprctz states in hia 
Traiti de Plii/siqiii; 4th Edition, p. 212, that he had made somt 
experiments to determine the latent heat of steam at great pr»-j 
surea, but that be had been arrested in his course by the dif-^ 

* The experimpnts of Cl^meat and DosorniM were mode in the foUovtng 
manner. They miuta uae ofu. hage boiler, in which the slfam mij^-ht be mada 
to uoquirc Hu exgmiisive force of scvciul atuiovpherus. A copper pipe of s 
KHiatl Imre wtis mHi](> to conduct the Btenm into a troa|;h, containing a mam of 
cold wat^r, neighing S90 kilo^Tnmmes: the escnpe uf the steam being regulated 
nt will by means of a cock. A nionomeler, plnoed ui>on the conductinj; Et<!am 
pipe, indiculed the degre<! uf tonalun, whilst n tJ H'rinuuie I er marked the amaunt 
of ti-niperaliire. 

In the lirat experiment, the steun hod a tention of 4 nlmoRpherea, vid a 



■ni, ine sieoin noa a lention oi * nimoRpaerea, vxa a^^ 
Innperature of 152°^. Uj^ kitogrninraes of steam were introduced into th^^f 



cold water; the time occupied in the process did not exceed two niinuUa.' 
The temperature of the water wns prevlonsly 20°, and siibseqnently 49°j. 

The quantity of heat hefore the esperi- 

nieut is represented by 290 kil.at + 2lV = 5800 unila.' 

Aftertheinlroductionorihesteaci.by 304. GO „ at-i-4g"^ U973, 

The I4f kilog. have tlins yielded ..^ 9773. 

and consequently I kilog. yielded 633. 



It was thought that something ought to be addod to the inimcdiUe rMuU 
of tbS experiment for t!ie loss of heal flustained during its continuance, but the 
period was BO sliorl, tbat Messre, Cli'ment and Desormre believed ihut the* 
indicated its maximum by raising the quantity of the constitnent heal of 
1 kilognimme of steam to (iSO uuii&, their nnit of iieat being I'qnal to that 
which is sufficient to raise I kilogTamme of water one degree of the centigrade 
therm oineler. 

The some experiment, repeated an the same quantity of sleam, wiUi Ihe 
same appiuutus, the same day, and with on eijnul quantity of cold water, in 
fact, under perfectly analogous circumstances, with the sole cicrption tliat Iha 
Bleom bad diffrrenl tensions nnd different temperatures, had pieeisely the saioe 
results as lliose yielded by the previous experiment. It was for more ea^ to 
perceive the siniihirily than to appreciate any differences that might have pre- 
sented themselves, and this very circumstance, more llian the size of the appk- 
latuB and the core directed to the esecutian of this curious experiment, aeemi 
to place tbc reault beyond nil donbU 
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fiuiilty of fonsiructiiig an apparatus t-jijialilL' of rL-siitting euci) 
liigli pretssurcs. It would appejir lliiit M. Duluiig esperieuced 
linillur obstacli:a (see Caurs de I'liytique, by M. Lame, t. i., 
|i. 487, I'eilirion). 

Mechauicians have m general admitted H'ati's law, which is 
very available in calculations, and wluL-h inoreovei- appears to 
be confinucd by the practical cibecrvation, that It requires 
nearly the same ijuantity of I'ucl to furin one kJlngraninie of 
Bteam, whether at low or high pressure. 

5L dc Panibour ( Tra'di de Locomotrnts, S,"c., 2' t'dition, 
chap, ii, and vli) found ff'atfs/aw confirmed by the experiments 
which he made ou a locomotive. This ykili'ul mechanician 
gbfrer^ed that ateam, when forming in a boiler under an absolute 
prcsdure varying from 2-7 to 4'4 atmoqiheres, and cacapiny into 
iJic atmosphere with an absolute pressure of 1*40 to l'U3 atmo- 
ephcrcs, presents precisely the same temperature at the time of 
ils escape, as if it were slill in a state of saturation. This cir- 
cmnslaiico coincides with H'alt's Itiic, whilst, according to 
Southati's liiir, the Btcam should escape at a liighcr temperature, 
which would be the smnc in theory as that possessed by the 
Bteum when in the boiler. In order, however, to verify 
M. I'ambour's conclusions in all respects, the steam must be 
assumed to e,\pericnce no refrigeration during its passage 
through the apparatus, but this is a condition which it is ex- 
tremely difficult to realize even with locomotives; moreover, it 
must likewise be assumed that the steam enters the engine 
perfectly liri/, without the adraixtiu^ of any liquid pai'ticlea, 
This is also a very difficult condition to i'ulfil, especially in 
locomotives, owing to the rapid play of the slide valves; and 
ihe i>re8eoee of a very small quantity of liquid water, is suf- 
licicnt to explain the refrigeration of the steam and its con- 
dition of permanent eaturation, even naauniing Sotithrm's law 
to be correct. 

Finally, several authors liave tried to demonstrate, « prion, 
the correctness of IVntfa or SoiUhcnCs law, by basing their 
nrgumcntd on more or less ingeniously conceived physical or 
?n(>;hanic4d grounds, I will not pause to discuss these apeeuln- 
tiune, which idivays depend upon principles open to contest; 
it i* ovidenl thiil the question, engaging our atlcniion, can only 
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be decided by direct experiments, and the historical detail t 
I liave given of tlie results yielded up to llie present ti 
fibow8 that tliey are inadequate to the solution of the difficultic3 
presented by the subject. 

Before I proceed to describe the spparatua which I ha 
employed in the determination of the latent heat of steam 
different pressures, it would soem expedient that I should pa 
for a moment to discus the method of mixtiu'es, in order to 
establisli the causes of error and uncertainty to be avoided ; 
which means the object of my mode of arrangement will 
better imderstood. 

The apjiarntus employed for determining latent heat of 
vapours by the method of mixtures consists, essentially, of a 
retort A (fig. 2, Plate I.,) containing the liquid whose Intent 
heat of evaporation is to be determined, and a calorimeter C 
enclosing a worm in which the evaporated liquid may be con- 
densed. The retort communicates with the worm by means 
of a neck a 6 e, bent at b. This neck is made of one rising 
portion « b, disposed in such a manner that vapour condensed 
within it may fall back into the boiler, and of a descending 
portion b e, which is very short and goes into the worm. The 
direction changes abruptly at i; all the steam which is con- 
densed beyond l>, falls into the worm, and is considered as having 
parted with its latent hent to the calorimeter. The condensed 
liquid remains in a box B placed at the end of the worm, and la 
made to flow out after the conclusion of the experiment in sui 
n manner that its weight may be determined. 

Let: 

p be the weight of the liquid condensed in the worm ; 

P „ „ water of the calorimeter, augmented 

by the weight of the water, which owing to its capacity for 
absorbing ciUoric, is equivalent to the calorimeter and to 
worm; 

tg the initial temperature of the water of the calorimeter; 

fi the final temperature ; 

T the temperature of the steam ; 

c the specific heat of the fluid, that of water being taken 
the iiuit : 

X the latent heat of the dteuni. 
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We thus have: 
whence is fuIlowB that : 



X = 



^ P(f.-0-P^(T-r,). 



This expression requircH, however, several correctiune before 
it can give the actiml latent heat sought. 

1. The fluid always requires a somewhat long period of 
time for its distillation, during which the calorimeter loses a 
cert^n quantity of heat by radiation, and by the contact of 
the surrounding air; the final temperature /, will, therefore, be 
lower tliaa it would have beeoi if this loss of heat had not taken 
place. 

Kumford proposed to eliminate this cause of uncertainty, 
by taking the water of the calorimeter at an initial temperature, 
lower by several degrees than the temperature of the surround- 
ing air, and continuing the passage of the steani until the 
temperature of the water exceeded that of the air, by the same 
number of degrees by which it had previously been below it. 

The absolute value of the correction would certainly be 
conaiderably diminished by this method, but it would not be 
wholly removed. The quantities of heat gained, or lost in the 
two parts uf the experiment would perhaps be equal, if the 
relHgeration and the heating were both effected solely by 
radiation; but they differ in reality when the experiment ia 
made in the air, and especially, when the latter is agitated. 
Bctiidee, it is only in rare cases, that water can be introduced 
into the calorimeter at 5" or 6° below the temperature of the 
free axe, without causing a deirosit of dew to be formed on the 
surface of the calorimeter. This dew, by its subsequent evapo- 
ration in the course of the experiment, becomes a new source of 
disturbance. 

This correction ia generally determined by calculation, 
applying the law of Newton to the refrigeration of the vessel; 
that ia to Bay, the rapidity of the refrigeration of the vase is 
•apposed to be proportional to the excess of its temperature 
above that of the eurrouuding medium. If we dceignate the 
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temperature of the aurrounding medium as t, the variable lem- 
perature of the calorimeter as t, and llic time aa s, we shall have 

The constant A ia determined by direct experimcnta on the ^ 
refrigcratiuu of the Bpparatus, ^M 

On dividing the length of the esperiraent into elements, ^^ 
A X=r, we may aiippoae / to be constant and equal to its mean 
value, during n minutes. The value of the correction is there- 1 
fore: 

S A t=A {t—r) n A x. 

The law of Newton would perhaps give this correction with! 
sufficient exactness, if the refrigeration took place in vacuo, or \ 
at any rate, in an atmosphere slightly agitated; but it becomes 
inesact when the air ia in a state of agitation, and more espe- 
cially, when its motion varies at different moments during tbe ' 
experiment. It often even becomes extremely difficult to know 
what vahie of r must be adopted for the temperature^ of the 
external air. 

I know of no means of determining this correction with] 
precision, and the experiment must therefore be so conducted ' 
as to render the correction as small as possible, The most 
certain means of attaining this result, is by using an apparatus 
of considerable dimensions. The rapidity with which the ^^ 
calorimeter cools, may also be slightly retarded by placing the ^^ 
vessel within a second one formed of very thin metal, and lined 
with cotton wool, or swan's down. 

2. A second correction, more uncertain even than the first,! 
is produced by the pipe, which carries the ateam into the wonn,i 
bringing with it at the same time, a certain quantity of heat by 
conduction. It is impossible, in the ordinary manner of con-, 
ducting this experiment, to determine this correction with any] 
certainty. 

The quantity of disturbing heat thus introduced, varies with' 
the position of the bend h on the pipe. The portion a A of the 
tube may be supposed to be heated by ttie steam condinsu^H 
along the walls, and which fidls back into the retort. Even^^ 
supposing thai no pai-ticic of steam passes beyond the plane 
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a ^, wliich intersects b, the calorimeter will not tlie leaa receive 
M certain quantity ol' bent, brought to it t>y iutcnial communi- 
catiun ulung tbe tube b c. 

It iB evident that this portion of heat will attain ita maxi- 
uiiuQ wlien the bend b is ituuiediately at the entrance of the 
calorimeter, and that it will diminish, on the contrarj', in pro- 
portion as b c]i lengthened: it would likewise diminish if the 
tube b c were made of a suhstonce, which was a bod conductor 
of lieat. 

But on the other band, if A c be of any considerable leng;tli, 
a cause of error arises, which acts in a contrary maimer to tbe 
fomier. All the steam that passes beyond tbe limit a j8 la 
coHBidered as acting upon the calorimeter, hut a portion of the 
heat given ofl' by this steam during its passage into the tube 
A r, is lost by radiation, and by contact with the cold external 
air. This loss of heat is great in proportion to the length of 
the port A c of the tube. It will easily lie conceived, that in 
every exijerinient made on a definite fluid, there is a position 
of the bend h, in wliich the quantity of heat gained by the 
first cause, and the quantity of heat lost by the second, 
countenict each other, but it is difficult to determine this posi- 
tion it priori. 

3. The steam which penetrates into tbe calorimeter neces- 
sarily carries with it particles of fluid. Kvcn if we suppose 
tJie Blcam to he perfectly dry in that part of the boiler where 
it pawes into tbe neck a b, it must necessarily experience a 
refrigeration in traversing this tube, which will determine the 
precipitation of a part of the steam in a liquid eunditiuu. The 
greater portion of this fluid returns to the boiler along the sides, 
but an appreciable part remains in a gaseous condition, and is 
carried into the calorimeter by the current. 

The ineonienience of wliich I have spoken is manifested, 
especially, at the beginning and the close of the experiment. 
At the outset the retort contains air : this air is expelled by tbe 
steam which is developed, but on its disengagement in passing 
through tbe worm, it necessarily brings with it a certain 
quantity of feteain, which is then condensed. The heat yielded 
by this condensation is not taken into account, since the initial 
tcuiiicralurc /, is not observed until the distillation luw become 
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very active. Besides, during the first few moments of tl 
dist'dlatioD, t}ic tube a bis not heated, the condensation of the 
ateam is abundimt, and much ticjuid 13 consequently yielded. 
The experiment is usually terminated by removing the fire 
from under tlic boiler, but the distillation instead of being 
immediately stopped, ie gradually dinitniubed, whilst its last 
stage is attended by perturbations analogous to those whic 
took place at its commencement. 

4. In the experiments that have been made to determinfl 
the latent heat of steam under pressures more considerable than ' 
those of the atmosphere, steam is developed in a boiler at high 
pressure; but immediately on its escape from the boiler, this 
steam falls to the pressure of the atnioephere in the pipe which 
carries it to the calorimeter. It b difficult to explain what^j 
occurs owing to the enormous expansion to which the steam is^| 
thus subjected; the result may probably be a considerable loss ^ 
of heat, especially, when the conducting pipe is very long, and 
such must inevitably be the case, where a steam-engine is used 
in tlie experiment. 

It appears absolutely necessary that the steam should ba 
conducted to the worm with the same clastic force which it 
possesses in the boiler. 

5. The water which ia collected in the box B of the worm 
has not precisely the same temperature as the surrounding 
water of the calorimeter, at the moment when the maximum 
temperature of the latter is observed. When the experiments 
are made solely at the pressure of the atmosphere, we may 
compute the difference of the temperature with sufficient pre- 
cbion, by means of a email thermometer, the bulb of which ia 
placed in tlie centre of the box B, but this method is not 
applicable when steam condenses at a high pressure. Having 
made these preliminary remarks, I shall now proceed to the 
description of the apparatus. 

The most essential parts are, — 

1. A boiler, A. 

2. A condenser, D. 

3. An air receiver, E F, which acts m the place of an arti- 
ficial atmosphere. 

4. A system of two precisely similar calorimeters, C and C. 
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5. A cock, R, by wliicli the etcain ia distributed. 

6. A mercury uiaaomcter. 

7. A forcing air-pump. 

1. The boiler consists of a vat made of iron plate. 12 mm. 
in thickness; tbe diameter of tliis vat is about 0"-64, and its 
height 0""80, It is surrounded by a ring of cast iron to which 
the c^ver of the boiler ia attached by means of strong pegs 
screwed on, and by a joint. Tbe cast iron cover, about 30 mm. 
in thickncaa, has two small tubes. The upper tube is closed 
by a cast iron plate, to which three iron tubes are hermetically 
attached at their baee. These tubes are intended to receive tbe 
thermometers employed to indicate the tem{>erature of the 
steam, and of the water in the boiler. Two of the tubes have 
na internal diameter of about 10 mm. ; the one is carried to 
the bottom of the boiler, whilst the other does not descend 
more than half way, and Joea not reach the level of the water; 
both are intended to have mercurial thermometers. The third 
tube, wliich has an internal diameter of about 30 mm., is mode 
to enclose the bulb of an air thermometer. 

The boiler is capable of containing about 300 liters; 150 
lit«rs are poured in through an opening in the cover. This 
aperture is kept closed during the experiment by means of a 
•crow-peg, and an annular lead disk. The boiler niutit be placed 
on a brick furnace, which has a high iron-plate chimney, and a 
register, intended to regulate the draft. The bottom of the 
boiler and about one decimeter of its lateral walls are alone 
exposed to the direct action of the fire, in order to prevent 
llie steam being over heated. The fuel generally employed ia _ 
ctikc, although a mixture of this substance aud pit coal is some- 
times used. 

A copper tube TT' enters a tubulure T, and is intended to 
carry the steam to a regulator R. 

It is requifiite to tiOte precautions to guard against the con- 
dcnsaUon of the steam in the conducting pipe, as well as against 
the escape of the liquid water. The first condition necessary 
to effect this is to prevent the refrigeration of the conducting 
pipe, by the surrounding air. For this purjmse the apparatus 
in wi arranged, that the elcam which is to be carried to the 
i-»lorini<'terif is cnvelopcil, during the whole of its [uk^agc, by a 
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dense etratuin of steam, wliich is not otherwise employed 

the experiment, but posaesaea tlie same temperature as the resl^j 

beiiig JrawQ from the same boiler. ^M 

The pipe which carries the steam to the distributing coek 
R, and consequently also to the calorimeters, has an internal 
diameter of 35 mm., and is placed In the axis of the pijw TT'J 
which is nine cenliraetcrs in diameter. The pi|>e TT" does oc 
communicate immediately with the regulator R, as may be 
in fig. 5, which gives a sectional view of the regulating cockj 
but a small tube carriea off the steam and conveys it direct]] 
to the condenser. The interior tube 00' (fig. 6, Plate L,) doemi 
not terminate at the tubulure T, but penetrates into the interic 
of the boiler, pnasing twice round it in the form of a worm, ita' 
opening being in the centre of the steam -receiver of the boiler. 
Thus the steam which is drawn from the centre of the boilerJ 
passes tlirough a worm four meters in length, round the interiofl 
of the boiler; i-caching the rcgidator R without expcrieiunjia 
any cause of refrigeration, since the tube 00' which it ii 
verses is in the axis of a box filled with steam, having the samri 
temperature. 

2. The condenser D is a cylinder made of iron plate, 13l 
mm. in thickness. It is placed in a large reservoir also made 
of iron plate, and filled with cold water, which keeps thcj 
cylinder constantly at a low temperature. An index for the 
level of the water is fitted to one of the walls of the condensei 
and shows at every moment, the quantity of water which ha*| 
passed into the condenser, and the manner in which the distills 

, lion is proceeding. 

The condenser is capable of containing 60 liters: the' 
surrounding water must be kept at a low temperature, and 
must consequently be continually renewed. A reservoir Xj 
furnishes the water necessary for this purpose. 

3. The air receiver E F, is composed of a cylinder made of\ 
iron plate, 12 mm. in thickness; the diameter of thb cylinder ia 
about 0^-~'2, its length li^-iO, and its total capacity is conse- 
quently about 600 liters. The cylinder is placed in a basin Y, 
being supjtorted by two iron bars. The sir receiver c^'minimi- 
catcs with the forcing air puinp, and is connected with the 
box M. 
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4. The Riraiigcinent of the caloruncters will he more eaBily 
tindcretood by a reference to fig. 4, Piati? I., which represents a 
verticiil section of one of these inetminenta, and a poition of the 
mam cock. 

The calorimeters coneist of two red copper cylinders, having 
▼eiy thin nietul covers. A cock b, placed at the lowest point of 
the cylinders, allows of the escape of the water contained 
within iheni. 

The worm consista of a first bulb A made of red copper, 
2 mm. in thickness, into which the steam to be condensed passes 
directly. The water, as well as the steam that has not been 
condensed, passes through the tube ffh into a second bulb B, 
eimikr to the first, which hoa at its lower part a cock r, placed 
on the outside of the calonmeter. The same bulb B has an 
upper tubiilure a, by which it is connected with a copper worm 
passing from the calorimctera along the tube de 7,. This tube 
tir 7, lias a band by which the worm may be adjusted to copper 
tubes, and made to communicate with the box AI. The tube 
de 7 of the worm is maintained in the axis of the calorimeter 
by a narrow band of copper b d c. 

An agitator or fan, composed of two disks of fluted copper 
as Been in fig. 5, Plate I., ecrves to blend together the strata of 
the water in the calorimeter during the esperinicnt. The two 
disks are raised on vcrlleiil metallic rods, so arranged that when 
the agitator is at the lowest part of its course, the lower disk is 
two centimeters from the bottom of the calorimeter, whilst the 
up|>er disk is about half-way. By this means a perfectly e(^ual 
agitation is procured in both calorimeters. 

The whole course of the agitatot^ is equal to the half of the 
height of the calorimelers. 

The same volume of water is introduced Into the calorimeters 
at every experiment, being measured by means of a gauging 
vessel H. 

At the lowest point of the gauging vessel, a cock with three 
branches is soldered on, so placed, that the water may be con- 
veyed at will to the calorimeter C, or to the calorimeter C. 

5. The cock R, by which the steam is distributed, will liesl 
be understood by figs. C and 7, Plate I., which represent two of 
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Ae the tube y r is inclined towards the bulb A, in order to 
facilitate the flow of the water yielded by the condensation of 
the Bteam, it was found necessary to give a similar inclination to 
the pieces Csji'. This circumstances iucreaeed the diiBcultiea 
attending the construction of the part of the apparatus under 
consideration. 

It now remains to join the whole of these pieces to tlie wall 
of the calorimeter. This wall has a circular orifice a little lai^er 
round than Ihe turn of the external screw of the joint Cs»'. A 
ring of greased copper is attached to the exterior of the calori- 
meter between its side and the disk s s*. A second ring, similar 
to the former, is placed upou the inner wall of the calorimeter, 
and the whole system is tightened by means of an annidar nut 
E E' which works upon the turn of the external screw of the 
part OSS'. As, however, the partition of the calorimeter is ver- 
tical, and the direction of y r is inclined, it was found necessary 
to insert a metallic wedge-shaped ring F F' between the nut 
E E' and the wall of the calorimeter. 

Tliia mode of arrangement presented some difficulty, since it 
was necessary for the parts to be kept hermetically closed under 
pressures of from 15 to 20 atmoepheree, whilst they were tra- 
versed by steam having a temperature of 200". The object of 
placing all tlie metallic joined parts in the water of the calori- 
iueter« was, however, effected, by which means it was found easy 
to determine at every moment, whether there waa any escape 
of heat, thus removing a cause of anxJely, that would have 
existed if these parts had been placed on the exterior, owing to 
th« small quantity of heat which they would have been able to 
convey to the steam. 

6 and 7. The mercurial manometer and the forcing air- 
pump have been already described in my Memoirs on the com- 
preflubility of gases, and on the elastic force of steam. 

The manometer communicates with the whole of the ap- 
paratiu by means of a tube which passes into the tabular 
boxM. 

All parts of the apparatus have been constructed in such a 
nianner aa to resist a pressure of 20 atmospheres ; but the prin- 
ci[ial difficulty consisted in making the whole completely imper- 
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viotie to the air, and ftble to iX'sist tliv iicceas of curroita ' 
wliicb might pass through the euiaJI figures of the metal, 
between the numerous joints which it was impoerible to 
pense with. 

The cylinders of fluted iron plate were (reqaently moistened 
externally and internally with a solution of sal ammoniac, and 
then exposed for more than a month to the oxiilising a«;tion of 
the atmos]>here. By this means the greater number of th^_ 
crcvicea in the fluted joints were closed up by rust. ^M 

The apparatus waa then finally put together, and air at a 
pressure of 5 atmospheres was eompreased into the interior by^_ 
means of a forcing air-pump. The basins, calorimeters, &c., &Ci^| 
were filled with water in order to subject all the parts capable 
of being put under water to its influence; whilst those portions, 
which did not admit of being thns submerged, were carefully 
examined, after being moistened with soap and water. A great 
number of crevices were tlms detected, principally in the iron 
plate; but it was found easy to JUl them up by ramming tl 
metal willi a graver, A few chinks were also discovered in 
bronze parts of the apparatus, and although titey might hav( 
been 3toi>ped by tin solder, I thought it was most prudent 
have new parts cast since they would necessarily be 
strongly heated when the apparatus was in use. 

The copper tubes had been previously tested in a hyd 
press to 20 atmospheres. 

After those preliminary trials the apparatus was again 
together, and air introduced into the interior at a prcasure i 
10 atmospheres, and then left during 24 hours. At the end of 
that time the column of the manometer had only descended 
1 decim.; and this sUglit diminution of the pressure had in a 
great measure been occasioned by a depression of the tempen- 
ture, and probably also by an absorption of oxygen owing to th« 
humidity of the metallic walls. It was otherwise impossible 
discover any crevice by means of soap and water. 

After this trial, tJie apparatus was considered fit for uae. 
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I. Total heat of Steam under the ordinary Pressure of the 
Atmosphere. 

I will begin by describing t.bc experimenta that have been 
made under the ordinary pressure of the atmosphere, in wbich 
cose a great part of the apparatus bccomea useless. 

The apparatus is put in comuiunication with the external 
air by removing the c^ick R^ from the air receiver; it is also left 
in communication with the mercurial manometer, in order to 
show that there is no sensible excestj of pressure in the appa- 
ratus during the distillation. 

Aboot 150 liters of water are introduced into the boiler, and 
two merciuHnJ thermometers arc so arranged in the iron tubes, 
that the column of mercury hardly projects beyond the boiler. 
These thermometers are observed by means of a horizontal lena. 

All the parts of the apparatus which are traversed by the 
current of steam and exposed to the external air, are enclosed 
in several folds of flannel and list. This covering has been put 
round the lube TT', the distributing cock R with its appendices 
1 1" leading to the calorimeters, and finally round the return pipe, 
which caiTiea the steam to the condenaer D. 

The distributing cock is so placed that the steam cannot 
reach any of the colorimeters, hut must pass directly to the 
condenser after having traversed the cock R. The distillation 
is carried on in this manner for 4 of an hour, or a whole hour, 
until 20 or 30 liters have been conveyed to the condenser; the 
air is completely expelled from the boiler, and the dificrent 
parU of the apparatus are placed in a stable condition of 
temperature. 

The amount of cold water is introduced into the calorimeter 
and llie agitators are made to work. The thermometers of the 
CMlorimetcrs are so arranged that the upper extremities of the 
columns scarcely pniject beyond the stoppers, by which they 
are attached to the cover of the calorimeter, and tlie degrees 
wo observed by means of horizontal lenses which move along 
vertical columns. 

A preliminary experiment is made, consisting in on ohser^-a- 
tlon of the heating wliich is induced in the course of o rainutca 
in each of the calorimeters, whilst the water is being continually 

S 
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flgttstecL The tem[>orature of the water of the calorimcte 
bdow that of the air, an'l consequently lends to rise i<y 
with the suiTouitding nir; moreover, n certain quantity of hoal 
18 oonetAntly yielded to the Cftloriraeters by internal conducli-ra 
through the appendices it of the distributing cock. Tin; 
BinouDt of these two quantities of heat is ascertained by 
ohscn-atioD. 

Thia obserrntion, combined with another previously made,1 
with respect to the heating of the calorimeters produced under 
analogous circumstances — but merely by contact with the air, 
the boiler not being heated — yields the necessary elements for 
calculating the quantity of heat which passes by conductiuaj 
along the appendices i i', when the distributing cock is traversedl 
by a current of sleiim at 100°; so thai this element of correction 
is determined by the other experimental. 

The distributing cock is then tmmed so ns to make the" 
steam pass into the calorimeter C; the qimntity of the water 
condensed, being ascertained by the reading of the thermometer 
of this calorimeter. ^Vhen the requisite elevation of tempera- 
ture has been obtained, the cock is closed by being brought into J 
its primitive position; the steam continues to pass through thfl^| 
cock R, but the whole amount enters the condenser D, whilst 
in the other position of the cock, a portion of this steam passed 
into the calorimeter C. The proportion of steam which passes 
into the calorimeter, may however be increased or dlminuished 
at will, and, consequently, also the time required for the water 
of the calorimeter to rise the same number of degrees. If it be 
desired to prolong thia period, the cock R, of the condenser ie 
left entirely ojjen, whilst the distributing cock R is only par- 
tially opened If, on the contrary, it is required tlmt the time 
should be very short, the cock B, is partially closed, and ihaH 
distributing cock R entirely opened. The total quantity or™ 
stf^iu, which passes into the apparatus in a given time, may 
further be increased or diminished by increasing or dinunish-^B 
ing the fire under the boiler. ^^ 

At the moment the cock R is closed, tiie time must Iw 
noted, and the thermometer of the calorimeter C then immergrd 
in such ft nunner, that the oiltunn m^y only r^lij-ltilv project 
beyond the stopper; the temi>cratur<"' h uf tin 
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^cnnonietera of the two calorimeters being observed from 
latnute to minute The times at which the obscrvutions are 
nuule, are indicated liy tlie chronometer wliich strikes minutes. 

The mercury in the tlierraometer of C becomes stationary 
after one or two minutes, aud it then begins to fall. The 
readings of this thermometer, as well ns of the thermometer of 
[ C, m-e continued for fiye minutes. 

The water condensed in tlie calorimeter C is suffeivid to 
flow, and ia collected in a bulb placed below the cock r„ and 
having !» thermometer with a very sniiiU cylindrical reservoir 
susjiended within it. As soon na the full current ecoscs to flow, 
the cock r, is closed, the water in the bulb is agitated, and the 
tomperatiu^i instantaneously observed. The bulb is phtced 
below tlie cock, and the reiwliug of the thermometers continued 
for five minutes. At the end of that time, the cock r, is reopened, 
and the few drops of water that have escaped along the walla 
are collected again. The small quantity of liquid which moieteua 
tbe interior wall^, ia considered as beiug the same in all the 
experiments, and, consequently, as fornung a part of the ap- 
paratus. 

The quantity of water collected in the bulb must be weighed 
ia a scale, by an assistant 

The agitator nmst be continuidly worked by a imiform 
motion during thb interval, and it must still be moved in the 
I aame manner during the second part of the experiment, when 
the calorimeter C is tn its turn in operation. 

The fuel is replaced In the furnace, and when the distillation 
has again become regular, which may be observed by the 
manner in which the level of the water risea in the indicator 
of the condenser, the thennometers of the calorimeters C and 
C are simultaneously noticed, and the distributing cock R is 
then replACed in the position in which it conveys the steam 
iiitrj tJie ciUorimeter C. Tills is managed precisely in the same 
miuiner aa has already been dcaeribed in tlie cobi of the calori- 
nu't<T C 

Finally, when the condensed water has been removed from 

the calorimeter C, tlie simultaneous fall of the thermomctera of 

IC «id C' is observed during five minutes, tliis cooling being 

^DO to tbe exceea of the teuij>craturc of the calorimeters over 
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tlio surrounding air, DOtwitLstanding the equal quantitjea 
convened to them by conduction from the distributing oock B. 

"W^e will now consider the means, by which the principal 
caoaes of error to which I have already alluded have been 
obviated in this mode of operation; and how the experiment 
itself furnishes the elements of the diiferent correciionB which I 
have enumemted. 

The object aimed at tn the diepositton of the interior tul 
which conveys the steam to the very centre of the boiler, and 
then winds in the form of a worm niore than four meters alon; 
the interior of the boiler, is to avoid the escape of the wato 
projected by the agitation of the liquid in the boiler. This 
bubblittg agitation must, however, be inconsiderable, as the 
ebullition is effected under a regular pressure, unexposed to_ 
those sudden alterations, produced at every moment in 
boiler of a steitm engine by the play of the slide valves. 

A thick invcslment of vapour parsing directly to the oou'^ 
denser, and po^of sing the same temperature, moreover surrount] 
and accompfinies the efficient steam ihi'oughouC its whole course,! 
even to the small appendices / 1", which comiuunicnte with th< 
calorimeters, and are only four centimeters in length. By waj 
of greater security, all the metallic parts axe enclosed tn 
woollen covering of considerable thickness. 

Finally, the perturbations of which I have spoken, as ne 
earily present in the ordinary mode of operation, at the begin- 
ning and end of the experiment, do not present themselves herc^ 
since this experiment has neither beginning nor end; the steam 
not being brought to the calorimeters until the distillation has 
become reguhir, and all the itarta have resumed their normals- 
temperature. ^1 

When the temperature of the calorimeter is higher than that 
of the surrounding air, a certain quantity of heat is lust by^ 
radiation, and also by contact with the surrounding air, but ^| 
small quantity of heat is also gained by internal conduction 
along the appendices it', which join the calorimeters to the bo^^ 
enclosing the distributing cock R. ^| 

If the law of Newton may be applied with sufficient 
approximative correctness to the cooling of a body in mora 
leas agitated air, for the small excess of temperature which t 
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bbt^D in our experiments, we may rGprescnt the sum of the 
vo first quantities of heat by an expreasion of the form 

Ae=.A.e.Ax, (1) 

which 

6 represents the excess of the temperature of the calori- 
ters over that of the aurroundiDg air: 
^x the element of the time: 

A a constant which must be determined by direct expe- 

iients. 

If, on the contrary, it be necessary to separate llieae two 

qnoDtitiea of heat and to apply to each its own law, we may 

ways set down the quantity of the heat lost by radiation as 

luol to 

A.0.AX. 
cooling occasioned by the surrounding air will be ex- 
, according to Dulong and Petit, by the form 

which p represents the elasticity of the Sold; the exponent c 
the same value for all bodies, but changes from one gas to 
another; n is constant for the some body, but changes with the 
Kturc of the elastic Suid. 
In our experiments we may suppose 

being a constant quantity for the same state of agitation 

l^f the air, so that the cooling produced by the surrounding air 

rill simply be 

B ^'■"Mr. 

Finally, the quantity of heat yielded by conduction for 
a constant difference between the temperature of the dis- 
tributing cock K and that of the calorimeter, is merely pro- 
portioned to the time: it is represented by 

■ KJx. 

^V The first question to be solved is, therefore, to ascertain 
^Drhcthcr cooling by radiation, and by contact with the eur- 
^■bunding lur, may be represented with sufficient exactness by 
"\a expression of the form 

M=A.0.jix, 
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or, if we must liave recourse to a more uomplicnted formuln, as 

coniprii^uig two indeterminate conatants, A und -jr. 

For tbiB end I poured water, nt higher and higher temf 
mtures, into the calorimeters, and observed the cooling expe- 
rienced amullaneoiisly by the thermometers of the two calori- 
metcra at 30'; the water being continually agitated. Th^_ 
rapidity of the refrigeration w^as assumed to he uniform durii^H 
this interval of time, whilst the temperatures of the caloriinetere 
and the surrounding air were aupposed to be equal to the 
meaud of those which had been observed at the beginning and 
end of the 30', so that the refrigeration for I' was obtaini 
by taldng the ^ of the total refrigeration obtained. 
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The two last columns of thia table give the values 
culated for the co-efficient A in the formula 

A0=A.6.Ax. 

It will be observed, that these values are not identical, thej 
do not, however, differ very much, if their extreme abeolut 
Bmallncss be taken into account. 

We may apply to these cxperimente the more complicate 
fonmda 

J^=A^l + ^fl'-"'jJx, 
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calculating the two conatants, A and -r-, according to two of 

tie ob^rvntions, and see whether the three others ^tc the 

value for A. I have thus found that the second formula 

dtitn not represent the observations better than the former, 

and that the difierences are owing much less to the inexactitude 

of the formula (I) than to the changes which occur in the state 

^^f the agitation of the air, and which cause the co-efiScients to 

^■rary in a very marked manner. 

^H Several other series of observations, made in the same 
pVnaoner, have led to the same result; the variations of A were 
not sensibly greater when the formula (l)waa applied to the 
observations than when the formula (2) was used. 

When the calorimeters exhibit a lower temperatiu^ than 
le surrounding air, and, consequently, when they become 
i^i^^ed, the co-efficient A of the formula (1) ia very diiferent 
mio that which is applied in case the temperature of the 
' calorimeters ia above that of the surrounding mr. This will 
^^e seen by the following table. 




U(;an Tonipt^talura 



Oflho 
Air. 



12-20 



or Ills 

Ciilonmfitcrl. 



20-17 
10-78 



T8B 
B-29 



Eiceu of 

the ToiDprmliire 
of ibi- Colori- 
mcrli^ra iivor Iho 

ait. 



+7-97 

+ 7-SB 



-4-22 
-SB I 



VarUiJoa at ilio 

Tpnipcraturc 

inl-. 



001 114 
001087 



0-U1006 
0'00»13 



MeflflB .'. 



Value of A ID iZift 
fiinmilpi 

Afl = A. e.&j. 



C 
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0-002670 

0-0023ftn 
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Thus, the co-efficient A has a much higher value in those 
experiments in which the temperature of the calorimeter is 
elow that of the surrounding air, than in those in which its 
Bmpcrature is higher. 

I think I may conclude from all these observations, that the 

lula (1) may be adopted in the calculation of the cor- 

ctiuDs, with the condition that the value of the co-efficient A 

II not be fixed, but be determined, oa far as possible, in each 
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experiment liy simultaneoua obserN-ations, conducted under i 
ttie Mune conditions of agitntion in the air. The general for^ 
mula which represents the refrigeration during the clement of 
tlie time. Ax, i&, therefore: 

-Ae=Ae.Ax-'KAi, 

A and K being co-<?fficieut8 having special values ft^r ead^ 
experiment. We shall aee how they may be calculated by 
experiments themselves. 

Let 

/y be the initial temperature ofthe water of the calorimeter I 
f, the maximum „ „ „ 

after the posdage of the steam. 

T the temperature of the smroumliog lur, 

T the (euipcratiu-e of the ete.ini in the i^stributing cock R,^ 

tg and f,' the initial nnd final temperatures of the 

mometer of the second calorimeter. 

Wc will consider, at several separate periods, the doubl 
experiment which I have already described. 

Fint period. — The two cnlorimeters are at the tempera 
fi, and (g' below the tcmperjitureToftheair; steam passes througb' 
the distributing cock directly to the condenser. The heating 
experienced during thcec cireumstimces by the two calorimeters 
during five minutes is then observed. If we assume the element 
of the time. Ax, to be equal to 1 minute, and designate the ^th 
of the refrigemtion which takes place during 5 minutes by A0 
and Ad; we have the two equations: 






(3) 



4 



As the two calorimeters have sensibly the same tempera- 
ture, and are arranged in a symmetrical manner with reference 
to the distributing cock R, we may suppose that K has the 
same value in the two equations; which will, therefore, euffi< 
for determining the two constants A and K. 

Sectmd period. — The steam passes into the calorimeter 
whose temperature rises to the maximum /,. The temperaturB' 
rises nearly regularly whilst the cock R is open, but as soon 



] 
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as lliia is closed it only rises very slowly, attiuniiig its maximum 
at tlie end of 2 or 3 miuutes. 

We will divide into three parts the interval of time which 
psaoee between the observations of the initial and the final 
iperatures. 

1. The time m during which the water of the calorimeter 
C rises from the initial temperature („ to the temperature t 
' the air; the amount of heat gained ia represented by 

r«(Al^+K), (4) 

and K having the values which have been determined by 
the experiments of the first period. It would, however, be 
better, to suppose that K alone was known by these experi- 
ments, and to determine A by the simultaneous observation 
Iftf the heating of the calorimeter C, to which we may apply 
■e formula 



/18'=m(jJ-^ +k\ 



(5) 



)g. 



2. The time 7H^, wliich ha^ intervened between the moment 

when the calorimeter acquired a temperature equal to that of 

e surrounding air, and the moment when the cock was closed, 

id when the temperature of the calorimeter ia nearly at its 

maximum r,. We will here suppose that the cooling ia the same as 

2 



fthe excess of temperature had been constantly - 
Duld have for the cooling. 



'■ when wo 



«.,(A,A^-KO. 



(6) 



L, has no longer the same value as in the first part ; its value is 
_deduocd from observations made during the third period. 

With respect to the quantity Kj, we will suppose it to bo 
ional to the difference of the temperatures of the cock 
' the calorimeter, and consequently we shall admit it to be 
follows: 



T- 



K- 



•2 . 



I having ihc same vftlue ns lielorc. 

The time m^ which intervenes between the closing of 



*^"=- 
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the oock and tbo observation of the maximum ; the refriserftj 
Uon 'iA represented in thiu case by 



«,(A,(..-rJ-K^;) 



(1) 



A, ha^dng the some value as in the preceding experiment, an d i 
being calculated trom the observations of the third period. ^M 
Third period. — The condensed water has been removed from^^ 
the calorimeter C ; the simullaneous refrigeratioD of the tiro 
calorimeters is then observed durino; five minutes. We thua 
have for the calorimeter C, _ 

(8) 



je=A,((.-T)-K^', 



from which we deduce the value of A, required in the form 
of the second period. 

The calorimeter C is in conditions very nearly similar 
those which occurred in the first period ; thus we have 

J^=A'(V-t) + K. (9) 

K may be considered as the remaining constant ; A' will differ 
but little from A, but it is requisite to deduce its value from 
the preceding equation, and use it in the following period i 
which the calorimeter C is brought into action. 

Fourth period. — The steam passes into the calorimeter C, 
the calorimeter C being in a passive state. 

Tiie interval of time comprised between the opening of 
cock, and the observation of the maximum temperature may bi 
further subtUvided into three parte. 

I. The time m', during which the water of the calorimeter] 
C rises from its initial temperature t'^ to the temperature r ol 
the surrounding air; the amo^t of heat giuned during 
period is 

(10) 



ul^' 

1 



m'CA'^o+K). 



2. The time m\, intervening between the moment at whie 
the water of the calorimeter rises to that of the surroundJn^l 
medium, and that in which the regulator is closed, and ibe 
temperature is near its maxinium; the loss of heat is re- 
pseaented by 

T-'i±-'^-v <"> 



•< 



-V 



/',-T 



_K- 



2 
T -C 
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Tlie value of the 



fficient A', ia deduced from the obser- 

I ration of the eiinultiincous refi-igeralion of the calorimeter C, 
which yields the equation, 
n 






(12) 



3, The time m'^ which passes between the closing of the 
[regulntor and the moment in which the maximum of the tem- 
perature of the calorimeter C is observed; the loea of beat 
during thia time is 

[A', having the some value aa above. 

Fijih period. — The water has been removed from the calori- 
meter C; the sinking of the thermometers of the two calorime- 
ters ia observed for 5', both calorimeters containing water at n 
higher temperature than that of the air. The fonnula: which 
apply in this cose to the cooling in 1' are, 



T-^ 



for the calorimeter C, J^=A', (f i - t) - K ip— ^i 

■t — f ft 



„ C',J&'=A',CV-T)-K^5^. 



(14) 



I These two expressions may serve to calculate new values for 
A', and K, which may be compared to those previously obtaineiL 
It is evident that the values of tg, t^', t^, t^, r change in a flight 
degree during the course of these experiments; in each case 
I they are taken as yielded by direct observation, 
^ft Finally, we have already said, that from the moment at 
" -which the thermometer of the calorimeter attained its maximum, 
the same thermometer was observed from minute to minutei 
lunlil the removal of the water which was yielded by the con- 
fdcnsadon of tho steam. Suppose these observations to be 
, Blade during m, minutes, it is evident that if the water con- 
Idonecd were at the same temperature as the water of the cnlori- 
[meter, the refrigeration would be the same as in the obsorva- 
] lions made after the removal of the water: according to whlcli 
should have for tho refrigeration 
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By deducting from ite value of this ezpreaaion the 
refrigeration observed, we obtaiD the enuJl quantity of he 
yielded] by the condensed water to the calorimeter during ihja 
interval of time : and this we will represent by q. 

We have thue definitively for the email quantities of heat 
which must be added to the increase of temperature, ('i — 1 
(f, — /„'), by direct ol«emitioiL 

iixr the calorimeter C, 

245= -m(Al^ +k) + J A,^-K-^-|-y 



x^o- 



+ '^(A,(/.-r)-Kj-^) + y. 
for the calorimeter C, 

+ ™,(A',{/',-t)-K^)+/. 



m 




t" 



In a word, the principle of this method conmsts in deter- 
mining the corrections which must be applied to the calorimeter 
in actual operation, based upon observations simullaneou&ly 
made on the second calorimeter, which is in a passive con- 
dition, that is to say, subject to the same circumstances of 
external perturbation, with this difference, that it does not 
receive any steam; &o that the variations are only produced by 
disturbing causes, which act dmultoneously on the first calo- 
rimeter. 

The temperature of the condensed water is observed is 
the bulb o immediately after its escape from the calorimeters. 
This temperature always differs, in a slight degree, from the 
maximum temperature of the calorimeter, but the difference 
rarely amounts to 1". 

The observed temperature Q is not absolutely exact ; it ia 
evident that it sinks a little during the flow of the waters 
Some direct experiments, mode under circumstances as nearly 
aa pos^blc similar to those exbting in actual cx|)eriment8, \ 
shown that this decrease of temperalure vai-ied from 0°-lC 
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0°"20, accortling to the excess of the temperature over the sur- 
rouadiag air. I made this small correction in each case for the 
observed tempcmture 6: the uncertainty resulting from this cir- 
camstance is, however, wholly insignificant; and it easy to show, 

that it cannot induce an error of aa.ooo on the latent heat 
sought *. 

It is often necesaary in practice, owing to the small value 
of these corrections, to deviate, in a slight degree from the 
mvthod that I have described in the calculation of the correc- 
tions. Thus the equation 3 and the equation 5 rarely differ 
Bu65cicntly, in a numerical point of view, to be considered as 
distinct equations, and to serve for the determination of the 
two constants, A and K. The same may be said of equations 
12 and 14, when compared together. But as we may suppose, 
without any sensible error, that K ia constant for excesaca of 
temperature T — ( that vary but inconsiderably, it ia best to 
choose amongst all the equations, deduced from experimenta 
made under the ordinary pressure of the atmosphere, those 
which appear most suitable for determining this quantity, and 
adopting the mean of the values deduced fi-om them for all 
the experiments. In this manner it has been found, that 
K=:0°'U040 for a difference of temperature T-(=88''. 

The value of K being once determined, the equations ,1, 5, 
and 8 yield, in each experiment, the special values of A and A'. 

The values of A and A' OBCtllate about 0''-0022. 
„ A, and A', „ 0°0014. 

* I had proposed to determine directly tlie difference of temperaloro 9 — /, 
existing nt the nioment in wliicli the RduI tfin|i(;rBture of tlio calorimeter ia 
otnwrved, belwcen llie condenfied water and Uie surroiinding water. Witb 
thl* view, I plaeed n tliermo-eleetrie cloinent of iron and cuppor in tlie centre 
of tlie bulb B ; the second segment of tlie clemi'nt being |ilnced in the water of 
Uie calorinioler and the copper thread nhich connected the two aegmenta pmaod 
omr » very aenaible galvanometer. To effeot this, it waa, however, nccwiiy 
t« pierce tbrough llie bulb B, and close the thermo-electric element hermeti- 
aklljr into the opening. Tbia cironmslsjice would not have presented nnj 
difficult;, if the apparatus bod only been intended for GX|icrimcnts made under 
til* ordinary preraure of the atmospliere, but it required a special joint for 
viperimenls mode at a high prewnire, and my endeavour was to diiDiaiiih the 
nuinlier of llic jointa used, aa much as possible. I waa alio apprehensive that 
the iiiilicatiuns of (be llionuonietnc element might be iaosacl under the con- 
ditioua ill wbicli it would bave to be placed. 
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If it were admiftoi! in tbo formulie 13 nnd 16 tlint tl 
values of A, A,, imd K were constanta for all the cspcTinienta, 
we should find for the correctioDB, values which sc&rtxlj diSer 
by O^-Ol froui the more eiact values obtameil by takiug into 
account all the circumstances that I liave enumerated. 

The weight of the copper ealorinjcters, with tlieir womu^ 
the agitator, and Interior metallic joints, is: 



Calorimeter C 
C 






If we admit the specific heat of copper to be =0*09^ 
{^Anrtaleg df Ckim'ie rt rle Phi/aiipie, 2me aerie, tome Ixxiii., p. 37J 
we shall obtain for the value in water: 



for the calorimoter C 
C 



1483-S grata. 
U75-7 „ 



The quantity of water introduced into the calorimeteTB 
for each experiment always preeenta the same volume, measured 
by the gauging vessel, H. The weight of the water which fills 
the vesael to the marked line has been determined by the mos^| 
carefully conducted cxperimcnta. ^B 

In a first experiment, tliis weight was found to be et]ual 
to 65,039'4 gnus., the temperature of the water being at 12°,l>6, 

In a second experiment, made at a temperature of 12''00, 
the weight was found to be 65,046-3 grnie, I have adopted tlua 
second value, iFbich dilVei's but little from the first, and presents 
gieatcr guarantees for its accuracy. 

It wae, however, necessary to determine exactly the weightj 
of the water which fiUcd this gauging vessel, at the different 
temperatures observed during the csperimcntB. It is easy 
determine this weight by calculation, when the dilatations of i 
water and the irou plate arc Icnown. The dilatations of tlte 
water may be ascertained with precision, by means of tlie cou 
cordant expciiments of M. Dcsprctz and M, Pierre. (^AnnttL 
dc Chimie et de Ph;/siqiie, 2me s^rie, tome Ixx, p. 47, and Ant 
3me aerie, tome xv., p. 350.) 

Hitherto, the coefficient of the linear dilatation of the iron 
plate has alone been determined, and I do not think that ill 
coefficient of cubic dilatation can be deduced from il, so as 
apply to an iron pkte vessel of great capacity, and whose walU 
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hftTc only an inconsiderable degree of thickneea. I have given, 
in anotlier Memoir, the object of which ia to determine the 
calorific capacity of water at different tempemturce, a serifiB 
of direct experiments, from wlueh I have obtained for the 
co-cfficienl of the cubic dilntation of vessela of golvaaised iron 
plate, the number ff=0-0000305. 

The following tabic gives, in the first column, the capacity 
of the gauging vessel at different temperatures; its volume at 0" 
being supposed erjual to 1. 

The second column gives the weight of vrater enclosed at 
different temperatures in the vessel; the water having the 
density which it actually manifests at these temperatures. 

The third and fourth columns give the weight of Uie water 
at different temperatures increased by the value in water of the 
colorimeters in respect to calorific capacity. 
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The mercurial thermonicters of the calorimeters have been 
gnidiinted with the greatest care. 

A centigrade degree occupies, on the stem of the thcmio- 
nic(<-r of the calorimeter C, a space of 18''-7620; consequently, 
I" bus the value U^-Oj3283; wlulst, for the caloriiucter C, the 
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same qiiaDtity occupies IS^'SSOOj and, therefore, 1" haa 
the value 0"053821. 

It 18 eofiy to distiaguish with certainty the tenth of theae 
divisions, that is to say, j^ of a centigrade degree, I»y meana 
of the horizontal lenses with which theee thermometers are 
observed. 

I have collected, in the following table, all the experi- 
ments that have been made under the ordinary pressure of I 
atmosphere. 

This table coneiste of 18 columns. 

In column 1 are inscribed the numbers of the eucccasion 
the experiments. 

In column 2 the calorimeter is indicated with which 
experiment was made. 

Column 3 gives the weight of the water introduced into 
the calorimeter, increased by the value tn water of this ctdori|^| 
meter. ^^ 

Column 4 gives the initial temperature, tg, of the water in 
the calorimeter. 

Column 5 its final temperature, f,, that ia to say, its 
mum temperature. 

Column 6 the observed elevations of temperature, /— /, 
These have been corrected, with respect to different causes 
perturbation by the method already described. 

Columns 7, 8, 9, and lOgivc the elements of these corrections. 
Column 1 1 gives the correctetl values of /, — 1„. 
Cohiuiu 12, the weight of the water condensed in thi 
calorimeter. 

Column 13, the temperature of this water on its esca] 
from the calorimeter, after the application of the small cor- 
rection that I have already indicated. 

Column 14 gives the elastic force of the steam, deduced 
from the observation of the barometer in the exteinol jut, the 
values being given in millimeters of mercury. 
Column 15 gives the same in atmospheres. 
Coliuun 16. the temperature of the steam deduced from the 
height of the barometer. 

Column 17, the temperature of the steam observed on tfai 
thermometers of the boiler. 
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The temperatures observed "m column 17 are generally a 
little higher than those calculated in column 16, this being 
Dccessarily the case, since, in order that the distillation of the 
water may proceed with activity, the elastic force of the eteam 
in llie boiler muat be a little above the external pressure. 

Column 18 gives the total heat yielded by the steam on ita 
condensation to the condition of liquid water, and ita subsequent 
refrigeration to 0°, 

The six first must be considered as preliminary experiments, 
which have purposely been conducted under the most unfavour- 
able c'u-cumstanccs. 

Thus, in experiment No. 1, the fire under the boiler waa 
very small; the introdiictlon of steam into the calorimeter C 
was continued for 21 minutes. 

In experiment No. 4, the introduction likewise lasted 22 
minutes. 

In experiment No. 3, the fire under the boiler was, on the 
contrary, very large, but the distributing cock R, waa shut 
aod opened ten timos during the experiment, in order to see 
whether this circumstance would occusioQ any sensible per- 
turbation during the experiment. 

In experiment No. 5, the fire was small, but the cook B„ 
which conveys the steam to the condenser, was completely 
closed, so that all the steam of the boiler passed into the calo- 
limeter. 

In experiment No. 6, the cock R, was continually opened 
and closed. 

It will be observed that these different circumstances cxer- 
(Uaed only a very slight influence on the value of the total heati 
hkTing merely rendered it a little smaller. 

The 38 other experiments gave values, the extremes of 
which are 635-Q and 638'4. 

The geiieral mean is 63667. 
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II. Total hail of Steam under J^ettttres greater than 
ordinary Prtature of the Almoxjikere. 

I have so mranged my apparatus, tbnt the experiments on 
steam at high pressure might be conducted under circmnalaiicea 
precisely auuilor to those occuriog where the experiment la 
mndo on eteam engendered under the ordinary pressure of tlie 
atmosphere. The pressure of the external air is then replaced 
by that of an artificial atmosphere, wluch inay be varied at wiU. 
This atmosphere has a considerahle volume and is kept at a 
constant temperature, so that ita elasticity does not change 
sensibly duriug the course of one experiment. 

Air is compressed into the receiver E F by a forcing-pump, 
in order to obtain the pressure desired for the experiment, this 
pressure being measured by the mercurin! manometer. The 
ebullition of the water in the boiler is as regular as if effected^! 
under the ordinary pressure |of the atmosphere. These expcri-^^ 
ments are conducted exactly in the same manner, and I have 
nothing to add on this subject to the remarks I have alrcad 
made in tlie preceding pages. The manometer is observed 
two periods during the course of the experiment; the 6 
time some moments after the opening of the cock B, and agai 
some moments after its close. The pressure, under wliich the 
stoam is distilled, is taken as the mean of these two obscvatu 
which never dif^r very much from one another. 

The corrections, which it is necessary to adopt for the elevE 
tions of tcpcrature observed, are determined in the same manner 
as in the experiments made under the pressure of the atmos- 
phere. The elements of these corrections are given by 
experiments themselves, as lias already been remarked. 

The water yielded by the condensation of tie steam is pi 
jected with force, at the moment in which the cock r, of the 
calorimeter is opened, in order to collect this water in the bull 
O, is which it is to be weighed. The time occupied by th 
flowing of the water is very short, and on this account, th< 
water mmut experience a smaller loss of heat than when thi 
experiments were made at the ordinary pressure of the nttnos- 
phere. I have, however, assumed, as in the last experiments, 
that the water lost about 0°*2 during its passage, because it ia 
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^^EowBuK)CCt to a now cause of diminution of heat. This cause 
^■arises from the stcani, while it ib coiidensed in an atmosphere of 
oompre^jcd air, dieaolving a larger quantity of this air than it 
^Us ahle to hold in solution when it reaches the bulb. A number 
^Htf small vesicles of air are disengaged, which render the water 
^Hurbid fur some instants, and neccsearUj bring with them a 
certain quantity of heat. 

The expcrinicnta progress very easily, and with remarkable 
regularity, up to a i>res8ure of 10 atmospheres, the results pre- 
senting the same precision as those yielded by eitperimenta 
^^under the pressure of one atmosphere. Above 10 fttmospberea 
^ftlie esperiments become more difficult of prosecution; it is 
necessary to keep up a very strong fire under the boiler, the 
different parta of the apparatus show much strain, and they 
require constant inspection, in order to make it certain that 
^Bao fliiw exists in any p art. 

^^ Every morning, water that had been distilled the evening 
J before was poured into the boiler, the whole with what had 
^bemuincd, amounting to about 150 liters. Thia quantity of 
^^water was found sufficient, by managing the fire properly during 
the intenal of the experiments, to make from four to six con- 
secutive determinations. By making use of distilled water only, 
the encrustation of the boiler was avoided, which would other- 
. wise have taken place in a short time. 

^H After the last experiment of the day, the cock R^ of the lur- 
^T^CA'iver was closed, whilst the water was still in a state of ebul- 
lition in the boiler, in order that the air compressed within it 
might be kept for the next day. The only loss of air waa 
tlien'fore the small quantity contained in the condenser, and in 
tlje pipes of the apparatus; this air escaped on the eoeks r, 
the calorimeters being opened. The following morning, the 
Bw-)>eg was removed from the boiler, and the necessary 
jtity of water introduced. 

When the pressuro of the steam exceeds 10 atmospheres, 
W joints of the apparatus become rapidly deranged, and it is 
necessary frequently to renew the twist of hemp, steeped in 
raouichouc, which is passed round the stem J" of the distribu- 
ting cock, because the hemp is rapidly consumed by the high 
^^emperaturc of the steam. It is also found requisite frequently 

^ ■ . .. - — a-ja-~ri m 
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to rciMur lilt joinU connecting the diatributing cock to the 
worms of the calorimeters. These joints are much worn by the 
violeat and sudden t'ariations of temperature to which they are 
expfised. 

The experiments admitted of being prosecuted with perfect 
success under pressures equal to 14 atmospheres. I even b^an 
a eeties of experiments under a higher pressure, but the boiler 
was seriously injured, many crevices were found in the joinings 
of the iron plate, and numerous flaws round the joint L L' of 
the cover; it was conaequcntly found necessary to suspend the 
experiments 

I hoped, however, to be able to oblain determinationa 
under the pretisure of 20 atmospheres, by refitting all the jmnta 
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^H of the boiler: but the high pressure to whJch the boiler had H 


^1 long been exposed, had driven the pegs so deep into the cast- ^M 


^H Iron cover, that it was impossible, even with the greatest exer- ^| 


^H tions, to remove 


ihcni, the greater part breaking before they ^M 


^H could be extracted. The appiiratiis cuuld not bt. 


repaired with- ^| 


^M out very great expense, wliilst there would olwaya have been | 


^^ considerable risk 


in subjectiog it to a more considerable pressure. ^M 


1 The pressure 


of 14 atmospheres, which was employed in ^M 


1 these ex]>crimcnts, exceeds, however, very considerably the ^| 


^^^ pressure obtained 


in a Bteara-engine, which rarely 


exceeds 5 or 6 ^M 


^^V atmospheres. 




■ 


I have collected in Table II., 73 experiments, made under ^| 


pressures varying from 1 to 14 atmospheres. 
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LATENT BEAT OP STEAM 



This table presents the same arrangement aa Table I., aufl 
we will therefore refer our readers to the explanation given* 
with reference to the latter. We will only observe, that the 
elastic forces indicated iu column 14, are the heights of the 
mercury observed on the manometer, and increased by the 
height of the barometer. 

Tabic II. contains one column more than Table I.; thiaj 
column, which is headed with the number 19, compriaes ihej 
numbers obtained by eubtmcting from the total heat inscribedl 
in column 18, the temperature of the steam given in coluina 
16. We shall require these numbers to compare our expri-_ 
mental determinations with the results deduced from the law 
Southern. 

Column 16 comprises the temperature of the steam on thej 
air thermometer, deduced from the elastic forces inscribed 
column 14. Column 17 gives the tcmpcraturea of the steam, 
observed directly on the mercurial thermometers, which are 
arranged in the boiler. These two kinds of temijerature nece 
sarily differ from one another, since the two instruments do notl 
admit of being compai-ed together ; but on taking into accountJ 
the different course of the two instruments, it will be foundJ 
that the temperatures observed are generally very sensibly 
higher than those deduced from elastic forces. These differences ^j 
oflen exceed those which we have remarked in the experimental^ 
of Table I., and which were made under the pressure of the ^' 
atmosphere. This circimistance arises from the fact, that in 
experiments at a high pressure, the steam of the boiler must 
present an elastic force considerably superior to the pressure of 
the air of the receiver, in order to produce a sufficiently 
abundant distillation. This difference of pressure is besides too] 
small in all cases to exercise any detrimental influence on the] 
correctness of the results. 

m. Total heat of Steam under Pressures below that of tin 
Atmospkere. 

The forcing air-pump used in the preceding experimenta is 
here replaced by a pneumatic machine, and the air is dischai^ed] 
into the receiver E F, imtil the degree of pressure is obtuned ' 
which is required for making tlie determinations. The expe- 
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cnte nre conducted in the same mnnncr as wlien the steam is 
engendered under high pressure; but the temperature of the 
water proceeding from the condensation of the stenm, con no 
longer be directly measured, because the water cannot be made 
to pass from the calorimeter until air has been introduced into 
the ajjparatus. It is necessary to assume that the temperature 
of the condensetl water is in a state of equilibrium with that of 
the calorimeter, at the moment when the maximum temperature 
is obser>-ed. The error whicli may result from tliis hypothesis 
is, however, made apparent, by watching the refrigeration of the 
calorimeter during the first len minutes that succeed the obser- 
vation of the maximum, and by comparing tliia refrigeration 
with that which occurs during the fallowing ten minutes. The 
difierence between the two results observed, gives very nearly 
the quantity of heat yielded by the condensed water to the 
water of the calorimeter, and it may be aasumcd that the temper 
rature of the condensed water is in equilibrium with that of the 
eurrounding air. 

After every couple of experiments, the cock R^ of the air 
receiver E F is closed, and the air suffered to re-enter into the 
condenser and the boiler; finally, the water condensed in each 
of the calorimeters is succeesively collected in the bulb O, and 
it^ weight determined. 

The ebullition of water at low pressures is more irregular 

than under high pressures, being attended by starts and inter- 

nuBsions, and the thermometers of the boiler indicate notable 

Toriiitions of temperature according to the greater or less activity 

if the distillation. In general, a considerable differenco is 

TDftnifesIed in these experiments, between the pressure of the 

steam of the boiler and the air of the artificial atmosphere. As 

the steam has a very considerable density, it is necessary to 

conduct it with much rapidity, in or<ler that tlie experiment 

may not be continued too long. In these more recent cxperi- 

in the place of coke and coal, I have used charcoal, na 

,ng more easy to regulate suitably. 
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Table III. contjuna 23 experiments, made under pressures 
varying from O*'"' t)4, to O"*"" 22. 

On comparing together the experiments made iindcr nearly 
the Bame pressure, it wUl be seen that the total heat yielded by 
them, presents somewhat greater differences than those shown 
in Tables I. and II., but only one of these difiercnces amounts 
to 4'7, that is to say to about yjq of the total quantity measured. 

I have not attempted with my largo apparatus to make 
determinations of the total heat of steam under smaller pressures 
than ^ of an atmosphere, sinee the ebullition of water under 
lower pressures is very irregular, and it is difficult to direct it 
in such 3 manner, as to obtain results that may be relied upon 
with any degree of certainty. 

It would, however, be desirable, if the total heat of steam in 
a state of saturation, at very low pressures, could be ascertained 
with exactncas, since this knowledge is of the highest impor- 
tance in the study of meteorological phenomena, I have 
repeatedly made a large number of observations to determine it, 
but many of the methods which I employed require the know- 
ledge of certain elements which are still involved in much 
UDcertMnty. 

Instead of determining experimentally the quantity of heat 
yielded by the condensation of a known weight of steam, at a 
determined preesiire, to the cold water of a calorimeter, I have 
sought to ascertain the quantity of heat, which a known weight 
of water, placed in the receiver of a calorimeter, abstracts from 
this calorimeter when evaporated at a very low pressure. 

I have made use, for this purpose, of a small calorimeter 
mado of tin-plate, simil-ir in form to that employed by M. Brix, 
with the exception that the dimensions of my apparatns are 
lai^r tiian the former. After measuring the exact weight of the 
calorimeter in a scale, it is again weighed after the introduction 
of idwut five grms. of distilled water, into the receiver ffff h, 
by means of a small pipe 1 1. By this means the weight of the 
water to be evaporated is ascertained with precision. The 
rvociver is then put into communication by means of its tubu- 

tlurc m n, with a flask which serves as an air-receiver, and which 
pommunicatcs on the one side with a pneumatic machine, and 
to tlio other with a barometrical manometer. 
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The flnsk semng as an artificial atnio«!pbere is plunged InlT 
a freezing mixture, coni^iogeil of ice and conimon ^t. Wben 
the apparatus is properly arranged, a detemuned volamc 
water, whose temiierature ia known, is poured into the calori-" 
meter, whirli is ogiiiu covered, whilst a very sensible EDoall 
thermometer is so arranged, that the bulb is placed in the axis 
of the calorimeter. 

The observation ia begun by noting the advance of th 
'refrigeration, or heating of the water of the calorimeter for fii 
minutes, whilst the water is being continually agitated. In* 
order that the refrigeration may proceed with more regularity, the 
calorimeter is arranged in tlie centre of a somewhat larger u 
plate vessel, to preserve it from the action of accidental current 
of air. It is then rapidly emptied by meauB of the pneumatiq 
machine, and the elastic force of the internal air is then brough 
to a determined value, observed on the barometrical manometer^ 
which must necessarily be inferior to the elastic force of thf 
steam, at the temperature of the calorimeter. 

The distillation of the water in the receiver e_/'j A of the 
calorimeter, begins as sixin as the steam condenses in the cooled 
flask. The temperature of the calorimeter, the water of which 
is continually agitated, is then noted from minute to minute, 
and the elastic force indicated by the barometrical manometer^^ 
observed at the same time. ^| 

The moment, at which the water of the receiver efg A is^^ 
completely distilled, is easily ascertained bv the sudden stopping^j 
of the thermometer in its fall; the temperature continues et&^l 
tionary for n very short time, and then rises slowly, provided" 
the temperature of the water of the calorimeter is below that of, 
the surrounding air. The termination of the distillation i; 
likewise ascertained by the barometrical manometer, owing td! 
the sudden rise of a small quantity of mercury in the col 
communicating with the apparatus. 

The ascent or descent of the thermometer is again observe 
for 5 minutes. This last observation, combined with that o 
the refi^eration for the 5 minutes preceding the distillation, 
gives the elements, by which an exact calculation of the cor- 
rections for the final temjierature may be made, in order to take 
into account the loss, or gain of heat experienced by the calori- 
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meter from the surrounding air, during the whole course of the 
experinicnt. 

Let M be the weight of the water inti-oduced into the calori- 
meter, increased by the value in water of the calorimeter itself 
and of its appendices. 

m the weight of the water to be evaporated; 

/„ the initial temperature of the calorimeter; 

I, the final temperature; 
tlien Cp — (, is the decrease in the temperature of the water of 
the calorimeter owing to the evaporation of the water in the 
receiver. 

The quantity ('o — 'i) must be corrected owing to the action 
of external cau«« on the calorimeter. The correction was 
effecled in the following manner: 

A series of preliminary observations was made on the rapi- 
dity of the cooling, or the heating presented by the calorimeter, 
when filled with water at different temperatures; the external 
air preserving the same tenipeniture. A graphic curve haa 
been constructed from the data yielded by these esperiments, 
the leiuperaturea of the cidorimeter being taken as the abscussie, 
and the velocities of the cooling, that is to say, the decrease of 
temperature experienced in a minute, serving as the ordinates. 
It has been found that this curve differs but little from a 
straight line, and it may even be assumed, without any sensible 
error in the valuation of the correction, that it is actually a 
straight line. 

The direct observation of the cooling of the calorimeter 
during the 5 minutes preceding the experiment, and the obser^ 
vation of the heating during the 5 minutes succeeding it, give 
the extreme points of the straight line representing ibc cooling 
in each experiment. It will, therefore, be sufficient to take on 
this line the coolings and heatings experienced by the water 
every moment of the experiment, indicated by the temperature, 
which muMt be noted from minute to minute. The total coi^ 
rection to be applied to (,, — ', will be equal to the algebraic 
BUm *■ of all these partial refrigerations. 

Wc shall have, on designating by X the quantity of heat 
al>t>nr)>ed by 1 gi-amme of water, when evaporated under the con- 
ditions of the experiment: m X= M (/„ — t, + e). 
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In order that X may represent what we have termedt^| 
total heat of eteam, it is requisite that the evaporated water JP 
ehould be introduced into the calorimeter at the temperature of 
0°. It has, however, in reality the initial temperature /„, and 
consequently the total heat will be X + tg. 

The quantity X + f^ presents perfectly well the quantity 
of heat absorbed by the weight m of water at O", in order to 
reduced to steam imder the conditiona in which the evapomti' 
is cSccted; but the queetion here anses: ia the steam actually 
developed in a state of saturation, and if so, what is the elast^H 
force or the temperature to which this slate of saturation co^^ 
responds? These are the true difficulties of the subject, and 
they do not appear to me to admit of being obviated with any 
degree of certainty. 

We know the elastic force / of the air of our artificial 
atmosphere, this being yielded by the barometrical manometer; 
but it is evident, that the steam must have a more considerable 
tension in the receiver ef^ h, since distillation could nut other- 
wise be effected. ^| 

The diiference between these two tensions roust even b^^ 
very great, for in order that the experiment may be conducted 
under favourable conditions of exactness, the distillation mu^H 
be very rapid and the correction e be limited to a very smi^^ 
fraction oi t„ — ly 

A cause of uncertainty of the same nature exists in our 
cxjicriruents at high pressures, the etcam necessarily possessing 
in the boiler an excess of pressure above the air of the artificial 
atmosphere; but no sensible error can arise from this circum- 
stance, since the excess of pressure is always an extremely email 
fraction of the total pressure. The case is diiferent witli our 
actual experiments, in which the difference of pressure may ^H 
a considerable fraction of the total pressure, since the latter ^^ 
very small. It is therefore probable that the elastic force f, 
observed on the barometrical manometer, is appreciably emaller 
than the mean pressure F at which the steam has distilled. 

Moreover, the steam that issues from the calorimeter, is not 
in a state of saturation. This steam is in a state of Baturatii^| 
at the moment in which it is developed, and its tension coi^l 
responds with the temperature t, presented at this moment by 
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the water to be evaporated; but this temperature t must neces- 
Bnrily be below that of the surrounding air ol" the calorimeter. 
The steam, before its escape, becomes again heated against the 
walls of the receiver of the calorimeter, abstracting from them a 
small quantity of heat, by which the reeult ia rendered more 
complicated. 

Thus { I) wo do not know with certainty the temperature B 
to wliich the saturation of the steam corresponds; this tempe- 
rature muEt be somewhat above that corresponding to an elastic 
force of aqueous vapour, equal to the pressure f of the mano- 
meter: and (^2) the value ol'X + l^ must be found somewhat too 
high, since the steam issues from the calorimeter at a tempe- 
rature above d. 

It id evident, that these causes of uncertainty would be con- 
eiderably diminished by bringing the pressure f only a little 
below the elastic force of the aqueoua vapour, oorrcsiionding at' 
every moment to the temperature of the water of the calori- 
meter ; but the distillation is in that case very slow, the experi- 
meut lasts a long time, and from that cireumstimce alone is no 
longer susceptible of exactness. 

I do not, however, think that the different circumstances 
which I have enumerated can sensibly change the results. 
With a view of asccrUuning tliis, I conducted my experiments 
under the niost varied circumstances; sometimes, for instancCi 
the distillation of 5 grammes of water was most rapidly effected, 
being completed in 3 or 4 inmutes, whilst the apparatus was 
only sul ijected to a very low pressure ; at anotlier time, I allowed 
% higher pressure, and in that case, the distillation of 5 grammes 
of water required 12 minutes. The causes of perturbation were 
oeccaearily much more energetic in the former than in the latter 
inetancc; the differences were, however, always very small. I 
also varied the initial temperature of the water of the calori- 
meter from 9° to 28°. 

I have tried to ascertiun whether exact results could be 
obtained for a very slow distillation, ou comparing the rapidity 
of the refrigeration of the calorimeter whilst the water was being 
evaporated, with that presented by this calorimeter under the 
BsiDe circumstances when the water was not being distilled; 
hut it appeared to me, that it was impossible to deduce any 

U 
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c«rUin data from this mode of operntioii, owing to the 
irregularity of the distillation. 

It has already beco stated that the eamc voIiudc of water 
WB8 introduced at each experiment lato the calorimeter. The 
weight of this water varied from 500gr. to 502 gr., between the 
limits of the initial leniperaturea t^ observed during my expe- 
riments. To this weight must be added the value in water of 
the calorimeter and its appendices. This value, dctenuincd 
from the weight of the apparatus and the specific heat of the 
metal constituting it, was found to be 37gr. 5, I determined 
this value by cMrect experiments, and by observations on the 
changes of temperature experienced by the water of the colo- 
rimeter on the addition of a determinate quantity of hot water, 
wliose temperature was known with certainty, or by the ftieic 
of a known weight of ice. 

I also found as the mean of a great number of experiinent 
that the value in water of the calorimeter waa 42gr. 3. I ha^ 
Assumed for this value the number 40*0, which is evidently 
mean between the value calculated, and that which had been" 
found by direct observation. 

I have collected in Table lY. all the experiments made 
according to this process. No special explanation ia requisite 
for its comprehci^on, as the elements of which it is compose 
have been sufficiently expliuned in the preceding pages. 

It is necessary to observe that the experiments included 
the following table, were purposely made under the most varic 
circumstances, which were in many cases unfavourable to 
exactness of the results. Smaller variations would certainly' 
have been found for the total heat, if the experiments batj^ 
always been conducted under similar circumstances. ^M 

I do not think that we should deviate very considerably 
from the truth, by assuming that the total heat of the steam 
developed in a state of saturation at a pressure of 9'"""16, wbidi 
corresponds to the temperature of 10°, is equal to 610 units. 
The total heat for water at 0°, would be only some imits below, 
this. 
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I have endeavourctl to obtain the latent beat of etenm 
rated at low preBaures, by another method, wbicb will, I Iiope,^ 
enable me to arrive at this result with much certainty, without 
ita beiog open to the same objections advanced against the first 
procesa. But this method, which I have described at the end 
of my memoir on hygTomctry, {Ammlcs de Cktnde et de Physique^ 
3me s^rie, tome XV, p. 227,) requires a knowledge ol" many 
data that are still involved in considerable uncertainty. It is 
nccc^ary, for instance, to know the calorific capacity of the air, 
and the quantity of heat absorbed by the air dm-ing its dilata- 
tion, I have, therefore, considered it necessary to determine 
these two elements by meana of new experuiienta, and it is only 
when these are concluded that I eball be able to calculate tho^H 
determinations of the latent beat of steam. ^^ 

On glancing over the Tables I., 11., III., and IV., it will be 
easy to ascertain whether the ex])erinient verifies cither of 
two laws, which so equally share the authority of physicists. 

According to the law of Watt, the quantity of heat nee 
sary to change a kilogramme of liquid water at 0° into stenin in" 
a state of saturation, is the same under all pressures. These i 
quantities of heat are set down in column 18 of the tables, nnd|^| 
the numbers representing them must therefore remain constant, 
or, at any rate, only manifest accidental variations arising from 
errors in the experiments. These numbers increase with the 
pressure in a perfectly regular manner from 610, which is 
value of the totid heat of steam at a pressure of -j-^ of 
atmosphere, to 666, wliich expresses the same quantity under 
the pressure of 13-6 atmospheres. J 

The kw of Southern maintmns, on the contrary, that tha' 
heat obtained by subti-aeting from the total heat the sensible 
heat indicated by the thermometer, or that which Is ordinarily 
termed, the latent heat of evajwration, remains constant at all 
pressures. Column 20 of Tables 11. and III., gives tlie num- 
bers obtained by subtracting from the total heat set down in 
column 18, tile temperature (column 19) which would be 
indicated by an air thermometer plunged into the stearo, tbi 
temperature being calculated from the elastic forces of steam, us 
set down in column 14. 

If the law of Southern be correct, the numbers of coli 
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20, in Tables II. and III, must remain constant; but tbeee 
numbers dinunUh gmdually froin 560, whicb correBponda to tbe 
pressure of ^ of an atmosphere, to 471, correaponding to tbe 
pressure of 13-6 atmospheres, or even from 600 to 471, if we 
admit the value 610 — 10, which correeponda to the temperature 
of 10" deduced from Table IV. 

Tlie taw of Southern deviates therefore still more tlian the 
kw of Watt, from the numerical reaulta yielded by direct 
experiments. 

It would now he better to seek the true law, connecting 
together the total quantities of heat contained in steam in a 
State of saturation, but I do not believe, that this object can at 
present be effected with any degree of success from the want of 
several elements, the knowledge of which, appears to me, to be 
absolutely necessary to the solution of the problem. It seems 
eesential that we should know the law regulating the densities 
of aqueous vapoui' in a state of saturation or n on -saturation, at 
different pressures and difierent temperatures. Tiiese densities 
are generally calculated by supposing, that for a constant tem- 
perature the densities of steam in a state of saturation, or non- 
eaturation, may be calculated according to Mariotte's lav, and 
that at tbe same pressure, but different temperatures, the 
volumes of non-saturated steam may be determined by admit- 
ting that steam dilates for every degree of temperature, be its 
density what it may, by the same fraction of its volume from 
zero, as the atmospheric air, during the same interval of tempe- 
rature, when the density of the latter is equal to the pressure of 
one single atmosphere. 

The different rcBearches that I have published, render it 
very probable that these hypotheses deviate cocsiderably from 
the truth; it is, therefore, greatly to be desired that these rela- 
tions may be established with certainty by means of direct 
experiments. 

The observations included in thJs memoir give the quanti- 
ties of beat yielded by a kilogramme of stoam in a state of aatu- 
mtion at difierent pressures, and therefore at different tempera- 
tures, when reduced to the condition of water at zero. But it 
also appears essential that tbe quantity of heat should be known, 
which is yielded under similar circumstances by a kilogramme 
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of steam at diffrrntt temperatwrti and diffrrent preisuret, trJFm in 
a $taU of non-saturatiun. This will l>e the object of a futi 
memoir, to which I purpose Bubjoiaing new obsenations oil 
specific heat of permancDt gases, and on the beat disengaged 
comprceeion. 

The^e remarks appear to be absolutely necessary in order to 
cjcplun, in a rational manner, the physical laws of clastic forces 
of aqueooa vapour at different pressures, and those laws, which^U 
connect together the total quantities of heat possessed by^| 
the Bteam under determined circumstances. I purpose revert- 
ing to this subject, whenever I may succeed in SDlvLng expcri-^_ 
mentally the problems I have just enounced. ^ 

But, wlmtever the law may be, which connects the total 
quantities of heat with the temperatures, the extent of my expe- 
riments lead me to conclude that it may always be numerically 
developed, according to the ascending powers of t, and to sup- 
pose that it gives X = A + BT + CT' + DT'+... A,U,j 
C, D . . . being constant co-efficients. 

If we assume X = A, we have the law of Watt, the incot 
rectness of which we have seen demonstrated in the prec 
experiments. I have tried whether my experiments might 
represented with sufEcient precision by means of the formula 
with two terms : X =: A + B T. ^ 

We have admitted, according to the experiments of Table IV.^( 
tliat the total heat, contained in steam in a state of saturation, 




for the temperature + 10°, was 

Table III. gives as the total quantity of heat, 
contained in steam in a state of saturation, at 63° 

According to Table L, the total heat of steam 
in a state of saturation, at the temperature 100°, 



610 units.. 



625 



18 



637 



Finally wc see at the end of Table 11., that 
the total heat of steam at ISS*^ of an air-thermo- 
meter, is see 

I haw calculated the two constants A and B of the formi 
by means of the two last observations, that is to say, by meaos^ 
of the \-alncs of the total licat at the temperatures of 100° and 
\95°, and from these data, in which I place perfect confidence, Ij 
liave found : 
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A = 606-5 

B = 0-305 ; 90 that the numcricot 
formula is X = 606-5 + 0'3O5, T. 

This Jumiula givea very exactly the total heat for the tem- 
pemtiirea of + IU° and + 63", thus for T = + 10° 

■we have \= 609-6 

We have assumed from our expcrimenta . X = 610-0 

For T = + 63° tlie formula givea . . . X = 625-2 
Our experiments have yielded . . . X = 625-0 
We eball beaidcs see that the numbers, yielded by the for- 
mula for the difierent temi>erature3 at which the experiments of 
Tables IJ. and III. were madi;, never present greater differencee 
from the number found experimentally, than may be ascribed to 
the probable errors of the obdervationa. We may, therefore, 
admit that our numerical formula represents all our experimen- 
tal determinations in a aatiufactory manner, and that the expe- 
riments are not susceptible of sufficient precision to render it 
exijcdient to have recourse to a formula with three terms. 

We will therefore provisionally adopt the formula X =; 606-5 
+ 0'305 T, as expressing the numerical law of the phenomenon, 
until a more thorough knowledge of the properties of Gtcam 
Bhall enable us to establish its true physical law. 

According to this formula, the total heat, incorporated in a 
kilog. of saturated steam at the temperature T, is equal to the 
quantity of heat yielded by a kilogramme of saturated steam at 
0°, in passing into the condition of liquid water at 0°, increased 
Viy the product 0-305 T. 

The fraction 0-305 is therefore the x/ieriai ctilorific capacity 
of steam, different from the calorific capacities of gases at a con- 
stunt volume, or at a constant pressure, ahhough intiiuately 
rehitod to them. It is the quantity of heat required to raise 
the temperature of a kilogramme of steam 1° in temperature, 
whilst at the same time, this steam ia compressed so a« to keep 
it in a state of saturation. 

I have calculated, by means of this formula, the following 
Table, in wliich are comprised the totsil heats incorporated in 
naturatcd eteam for every 10° of increasing temperature. 
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ON THE ARTIFICIAL FORMATION OF ALKALOIDS. 
By M. E. Kopp. 

There are few queatioos more deserving of the attention of 
chemists and pbaroiaceutiets, and of being made the object of 
their rceearcbes, than the formation of alkaloids. 

In a chemical point of view, the alkaloids are remarkable 
for their com])Osition, for their special properties, both phyBicttl 
and chemical, and for the interesting reactions to which many 
of them give rise, when exposed to the influence of different 
agents. Coninidereil medically, the organic bases are diatin- 
guiehed by their energetic properties. They constitute at the 
some time the most violent and sudden poisons, and the most 
valuable and heroic remedies. Hence their use in medicine is 
very extensive, while their price is often exorbitant. 

It is more than probable that by studying the mode of their 
formalion, we may in course of time be led to prepare artifi- 
cially, and at little expence, morphine, quinine, strychnine, &c., 
eo as to render these medicines more avnilable to the poor, and 
to free ourselves from the necessity of heavy payments to 
foreign countries. 

Moreover, there is no impossibility in the artificial formation 
of the alkaloids. 

During the last few years the chemist has formed a tolerably 
large number of artificial organic bases, similar in all rcBj>eetB 
to the natural alkaloids: and without doubt the methods 
adopted in our laboratories, must be analogous to those em- 
oloycd by nature herself. 
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The question regarding the mode of formation of the 
luids is natuniUj' divisible into two heads; the former relating 
to the formatioa of the oatural organic bases, the latter to the 
modoa of jireparing the artifieial alkaloids. 

The former point ia beyond all doubt the most importaot, 
but unfortunately our ideas on this point are extremely obscure. 

Our knowledge respecting the formation of the natural 
alkaloids le so imjterfcct, that it may be plainly asserted that 
nothing has yet been effected, and that we are ignorant of even 
the first elements of this investigation. 

Can we, in point of fact, tell the period at wliich the alka- 
loids first present themselves in the juice of plants? Do we 
know the aubetances from which they originate? or the circum- 
stances favouring their development? or the iufiuence of oxy- 
gen, water, &c. on their formation? 

If tlien our knowledge rea]>ecting this department of science 
be BO imperfect, how ought we to proceed, in order to acquire 
any information regarding the mode in which the natural 
oi^nic bases are produced? 

To attain this object, three different courses are open to us. 

L 77ie Study of Chemical Botany. 

This would certainly be of immense service in the solution of 
the question. It would lead us to examine the composition of 
plants, especially of those yielding these remarkable principles, 
in the ditJerent phases of their growth and decay- 

We should especially select the periods of germination, of 
the development of the leaves, of that of the flower, and of the 
maturity of the fruit. We should thus arrive at a knowledge of the 
principles which arc contained in plants in the different phases 
of their vegetative life; we should know what principles are first 
formed, which afterwards disniipear, and what new ones result 
from them ; and we should be thus led to form conjectures on, 
if not actually to verify, the nature of the relations existing 
between the first and the last. An investigation of this nature, 
extending to all the most important plants, would undoubtedly 
be rich in new and interesting results. 

Such a work would fall within the domain of the phnrma^ 
ccutist, who, being perfectly fiuniliar with the ordinar)- modes of 
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their extraction, could, without any great difficulty, isolate pure 
and frequently cryetallizable principles; if their elementary 
analysia, and their exact description were beyond tlie ordinary 
tueans at liis disposal, any chemist would willingly carry on the 
examination of the substances thus isolated, and in this manner 
contribute his share to the adyancemcut of his own science. 

The following Table cont^ns all the natural alkaloids yet 
discovered. 

They may be ^vided into three classes; 

1. Those which have been submitted to ultimate analysis. 

2. Those which have not yet been analysed, but whoso 
existence seems well established. 

3. Those whose existence is problematical. 



(Hnchomae .... 

Qiiinino 

Ariel ae 

Bmcino .„. 

BtrycLainB ..,. 

Horphine .... 

Nweotioe .... 
CcHlraiie 

PBcudo-m orpbine 
Atropine 
fierbeerino .... 
Boticorine .... 
Cafeinel 
Tb.-iDe J .... 
Clielidaiiine 
C^Dchavatine 

Conine 

Corjdaline .... 

fiamiktina .... 

JerviDO 

Meniapermiae 

NiROlino 

Piperioo 

SalMuliUiDe ..,. 

SlapliysnlnA,... 

Thoolirarnitia 



fe 



H„NO 



jj, H„ NO(LftureDt) 
(C„n,,NO, 
lCn,H„NO, (I^nrem) 

<C„H„NO. 

IC„ H„ N O, (lAorenl) 

(C„H„NO, 

C„ H„ N O,. 

C^H„NO. 

c„n„No„ 

C„H^NO,. 

C,.II„NO. 

C,.H N.O,(PayeDj 

C„H«N.O. 

C=H„NO. 
JC,.n„N 
iC„H„N (LftoreBt) 

C«H„NO,„ 

C„H.,NO 

C„H^NO, 

C„H„NO, 

o,„ n, N 

C^H,.NO. 
C,B„NO. 
C.H„NO, 
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DelphinA 


BuiffUlDUiDO 


Pereirine 


Emetine 


Forpbyroxiiie 


Jamaieine 


EoUmne 


Sepeerine 


SurinsniiDa 


Glaucina 


CiABampeline 


CicuUoB 


Aconitlne 


Tbebuae 


MscropUylliDe 


SaDlhopicrina 


Veratriaa 


Sandne 


CbeletjUirTiie 


Digitatiue (1) 

in. 


HMeriii« 


Apiriue 


Cj^apine 


Eupborbioe 


Boxine 


Eaeabeckine 


Fuinariae 


Cwtipuia 


£u[Hi(oriiie 


Qmxnuiui^ 


Cretuuiiie 







Bale* derived from Eiekolzia Califarnica. 

1. A base jieliling red salts. 

2. A colourlese acrid base, soluble in ether. 

3. A coluurle^ acrid base, soluble ia water, and assuming a I 
violet Unt when treated with sulphuric acid, 

IL The Study of the Modes of Preparation of the 
Artificial Alkaloids. 

Aa wo have already observed, it is probable that some of 1 
the mode.9 of procedure employed by the chemist in the labora- 
tory are analogous to those actually occurring in nature. 

Attention should be especially paid to those methods which 
most nearly approximate to those employed by nature, arid do 
not require either a very high temperature, or the influence of | 
very energetic reagents; such, for instance, as give origin to 
thiosinamine, furfuriue, &C. 

The comparative and rational examination of these processes 
appears likely to indicate the course we must follow, in order 
to pre()are artificially the natural alkaloids. 

The following are the artificial bases at present known: 

C>H.N. 

C.H.N.O, 

|C„ H. N, O. (Liebig) 

IC, Hj N. O, (Oerhwdl) 

C„H,N 

C, U, N (Gerlwrdt) 



AmmeUDe .. 

Ammelido ^- 

Aniliae 
Lcukol ) 
Quiuolaiaef 
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Napli tali dins 
ScmiiutphtiUidine I 
Najililidiue f 

Thcosinnamuie 
SiD&nine 
Sinppoline .... 

Uren 

Lophioe 

Amarine 

Fnrfuriiie 

Toluidino 

Norcugi^iiiiie 
Cotaraiuo .,,. 
GiuLoidd .... 
Nicotine .... 
Sugar of gelatine 



0„H.N 

C„ H. N 

c, n, N s 
c.n.N 
C; u. N o 

C H, N O 

C„H,N 

C,, U, N 

C..D.NO, 

C1.II.N 

C«H„NO„ 

0„ U„ N O. 

C.„H.N.O, 

C.„ H, N 

C.HjNO, 



The biL8C3 derived from barmalinc, namely: 

1. Porphyrhamiine, resulting from tlie action of alcohol on 
ite granules. 

2. Leucoharmine, obtained from the chromato of liannaline. 

3. Clirysoharmine, yielded by the action of nitric acid on 
nilphate of harmaline; and finally animinc, odorine, and pyrrliol. 

To these we may add, 

Cg Hj P. The phosphorized alkaloid of M. Paul ThenanL 

C] H3 As. Cakodyl and ite oxide. 

Cikoplatyl, and the platinised basca of M. Reisct. 
But their composition is very different from that of the ordi- 
nary alkaloids. 

III. Tlie Stiuly of the Products of Decomposition of the 

Natural Alkahmh under the injfuence of different Re- 

agmti, and under different circumstances. 

It 19 a recognized fact in chemistry., that the manner in 
which a Bubafance undergoes decomposilion, and the producta it 
yields, frequently enable us to draw conclusions regarding the 
mode of its formation, and the course to be pursued in forming it. 

But the decomposition must not be accompanied with mueh 
violence, if we wish to establish the relatione existing between 
the primary body and the derived products, and the equation 
illiutrating the change that occurs. It unfortunately happens 
that most of the investigations that have been undertaken, in 
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nkboo to the changes whidi tlie alkiiIoi<lB undergo, have in 
WSJ oonie up to iheee coodititHU, aad coniequcDtly poseees oolji 
M BwdeisU degree of inlerest. 

Such, for inrtance, are those of Brandcs, Leber, Jonss, and 
Andre, on the action of chlorine on quiniac and cinchoDine, by 
vhidi there are produced a «erie« of imperfe^lly cliaracterieed 
bodies to which the names thaUeiochine, roseiocIiiDe, and mela- 
Bodune hare been applied ; those of )L Rousseau on the tntas- 
fatmatioo of strrchmne into stryclmic acid by chlorate of pota«h 
tad anlphnric acid; and the re^arcbes of ^M. ^larcband on cln- 
chottine^ quinetiDe, morpbetine, &c. — red bocllos arising from 
the aoDoo of peroxide of lead acidulated iritb sulphuric acid, on] 
the «i)pfaates of dneboiUDe, quinine, morphine, &c. 

In the same wajr the reactions which give origin to quino- 
kiae, are too eneigetic to afford any iofbrmatioa on ihe 
artnnl oompoeitioii of the body, which fiiniishee this artificial 
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The etate ie poMobty the case with regard to the action 
lutric add on bcvdne. As> bowerer, the mction takes pkce 
is the oold, the dneog^ement of nitrous ether might perhaps 
iodicsu that b bmcine there exists a gronpiog of the elements! 
analogons to that occurriDg in the oomiio^tion of alcohol, aud 
benoe w« might dntw the amdanon that it may pcrbupa be 
■dvantageous to employ alcohol in the artificial formation oi 
bmdneb 

The reaeardiea of MM. Wohler and BIjtb nn narcotine, are 
more of the nature we have indicated, as permitting ub (o see 
into the intimatD coiutittitioii of a body. 

But the (sdll nnpabK^ed) memoir of MM. Bedtenbachcr. 
Rochlcder, and Wenhcia^ pronuMS won important re^ts on 
the nature and ooupontion of the alkaloids, than any of the 
memoirs to which I hare prerioasly alluded. 

In iact, theae able cbemistB have announced the following 
highly imporlnni facts. 

Pi)K-rinc should be considered as a neutral combination of a 
nitrogeuouB acid with aniline, ftimiol of 2 eq. of the acid and 
1 rq. of aniline. 

. Thoy have even wieetwlijd ill rcpivwliii-titE; piperine synthe- 
tically by diroctly eoinbiniilg the aetd »•'' buc; najcotlno 
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has been eepornted into a non-nitrogenous acid combined with a 
peouliar base. 

Narcogenine is a combination of this same base with half an 
equivalent of the acid. 

These conibiuntiona of the alkaloids are constituted with 
perfect regularity, containing I eq. of water inaeparable from 
the ammonia and the organic alkalies. 

It must be apparent tliat most of the alkaloids, ha>'ing very 
high equivalents, thus admit of separation into more eimple 
elements, which, in all probability, will be common to many of 
them. 

The confirmation of this fact would be an important step in 
the true prof^Tcas towards our knowledge of the artificial prepara- 
tion of the alkaloids in general 

Formation of Arttfieial Alkaloids. 

With the view of methodically arranging the modes of pre- 
paring the artificial alkaloids, we have united them into groups 
which embrace in every instance those bases whose formation 
presents any points of analogy. 

But as the same alkaloid may belong equally to several 
groups, and as, further, it may sometimes be produced under 
special cireu in stances, on which it would be dlffiiult to gene- 
lalize, each base has been examined i-pecially, and the ditfcrcnt 
reactions, under which it may be produced, arc pointed out. 



FIRST GROUP. 

Transformation of the Ammonincal Compounds. 

1. TJiinsinamine, a. combination of ammonia with the essence 

of black mustard. 
S. Vrra, a metamorphosis of cyanate of ammonia. 
S. Furfitrine, a metamorphosis under the uifiuencc of [xitiish 

on furfurolamide. 

4. Amarhie, a metamorphosis of bydrobenzamide under umilar 

circumstances. 

5. Melamiiie, Ammeline, and Ammelide, products of the dry 

distillation of sulphocyanidc of ammonium. 

6. Lophine, derived from hydrobenzauiide. 
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7. The altkli produced by the action of ammonia on 

line. 

8. Amliitt, resulting from the action of heat on phen&te of am- 

mooiik 



m 




1. Tbioshamine, C^ H^ N S. 

On mixing essence of mustard or horse-mdish with an 
of a ooiic<.-iiLriito(l aqueous solution of ammonia in a closed 
the essence ie gradually trnDsformcd into a beautiful crystalline 
mass which ie thioeinamine: 

CgHjNS + NHj = 2(C,H^NS) 

E«. of aasUrd. Ammomk. Tbioiui&iiuue, 

Tias alkaloid presents the most simple formaUoa of any. 

2. Ur^, C H, N O. 

Ao aqueous solution of a combination of hydrated cyanic 
add with ammonia, becomes transformed on the least elcration 
of temperature, or by concentration even at an ordinary tompe- 
nturc, into urea : 

CjNHO, + NHj = 2(CIIaNO) 

Hjdnted C7«uc ncid. Una. 

But urea is further the result of tlie alteration that may 
effected (by oxidation) in uric add, and in different substances' 
derived firom it. ^^ 

Thus, for instance, urea may he obtiuned : ^^ 

a. By oxidizing uric acid with peroxide of lead (Pb Oj), 
when allautoine and oxalic acid are also simultaneousl! 
produced : 
9 At. uric acid ... C„ H, N, O, 1 ( C, n, N, O, .... alluitom. 

3 „ "Bter B.O, J lc,Pb,0. .... ox^tcofUad. 




A, By oxidizing uric ncid with nitric acid, when at the same 
we obtain alloxantin : 



5 at. uric add .... C,, H, N, 0, 

6 ., water 

1 , oxjgaii ,„ .. , 



N, 0, 1 f C, H, N, 0, .... 

O J I C, H. N, 0„ .... 
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c. By oxidizing alloxan with |ieroxide of lead, when carboiiiir 

mid oxalic acid are at the same lime produced : 

C^ Hj N Oa + Pb Oj = C O, + C, O, Pb + C H, N O 

Allaziui. Urea. 

d. By boiliiig uUoxan with hydrated bnrytii, when at the eauie 

time meaoxalic acid is formed : 

C^ Hj N O5 + Ba O. H O = C 11^ NO + C, O^ H Ba, 

lire*. 



Allouo. 

C3 Og H Boj 



= (C:, O4. Ba, O + H O) 

H/dnklod mc30»il»te of bnrjtii. 



e. By trcatiDg allantoin with peroxide of lead : 
C^II^NaO^ + PbO, + H0 = 2(CH, NO) + CaO^Pb 

AUaotoiii. Urea. Osalule of lead. 

/. Od ducompoBiDg a solution of oxaliiric acid by vbuUition : 



C3 H, N O, 
Oxftluric ncid. 



+ HO=CHaKO + C 

Urea. 



, II o. 

Oxalic acid. 



Although urea does not exhibit an nlkitUne reaction, it 
desen-ea to he classified amonget the be«t characterized of the 
most distinctive alkaloids. 

It not only combines with acids, frequently forming crystal- 
liaahle salts, but ulso with true salts, such iis nitrate of silver, 
plihiridc of mercury, and chloride of sodium (according to tiie 
researches of MM. M'erther and Piria); and further it is capable 
of forming double »i1t8. 

In 11 large number of cjises urea forms compounde analogous 
to those to which ammonia gives rise. 



3. Fur/urine, C,s Hg N O3. 

FurPurine is undoubtedly one of the most remarkable of the 
artificial bases. 

In its composition and properties it approximates the most 
to the well ebaracteriaed natural alkaloids; the reaction, on 
which its origin depends, is not only one of high interest, but it 
Is susceptible of generalization, and we do not fear to afBnii 
that some dav or other wc shall be indebted to ll for tiie dis- 

X 
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corery oraereral new alkaloids. In i>oint of fact, there existi 
xery c\o6e &aa\ogy, in respect to the mode of fonoation, bctwi 
furfurinc, amarinc, and mcUmlne. 

AH the:3c hast» result from r nio<lificntion impresBed on 
pounds dcrired from amiDooia (amides, imides) hf a diloi 
boiling solution of caiutic [lota^ h. The elementary comp«wtion 
of the original matter has not undergone any alieration, l>ul i 
chemical character has been changed ; previously it was neu 
now it has become strongly alkaline. 

In the preparation of formic acid from sturcb> peroxid 
manganese, and eulphuric acid, there is formed an oleaginous 
matter, which was ea[iecially noticed by Mr. Stenhouse, and baa 
received the name of fiu-furol from Mr. Fownes. i 

Its composition is reprcficntcd by the formula C,s Hg Og, ' 
or more simply by the formula Cj H, O, 

Tliis oil, when brought in contact with ammonia, becom' 
tronelurmcd into a solid, slightly crystalline substance, ineolub 
in water: 

C„H,Oa + NH3 = C„H, NO, + U.O, 

FurfiiroL Ammoaia. Fnlfurolamide. 'Water. 



inon 
It it^H 
tniM 

leo^ 



This new compound po^eaaes all the characters of an acid; 
by the action of acids on it, an anmioniacal salt is formed, on 
fiirfurol b reproduced. 

But when boiled with weak caustic potash, furfurolamide is 
converted into an energetic alkaloid, _/ar/unw, having the same 
eomposition and the same equivalent number. The only change 
that has taken place is in the arrangement of the molecules : 

C„H,N03 = C.,H,NO, 

Furforolaaude. Furfurinei, 

4. Amarinc, Cj, II9 N. 

Thb alkaloid la formed in exactly the same manner ae fur- 
furinc. "Rlien 2 cq. of ammonia react on 3 eq. of oxide of 
benzene (hydride oi benzoile) water and hydrobenzaiuide are 
formed : 

3 (C, H, O) + N II, = c„ n. N + 

Hjdride of bcnzoile. Anim™*- ^ 



L^Cib 
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Hydrobenzaraidc is ilecumposcd by acidfi into ammnnin and 
hydride of htnzoile, but when treated with a weak boiliDg solu- 
tion of potash, it becomes converted into amarine, wliich fomis 
well marked salts with acidd, and has tlie anme compoeition and 
equivalent number as hydrobenzaiuide. 

5. Meiamine, Ammeline. and Ammeliih. 

The coneideration of the formation, nature, and composition 
of these three nlkaloida presents several [mints of extreme deli- 
cacy, not only on account of the inherent difficultiea of the sub- 
ject and the varying statements ol' different chemists regarding 
it, but further because it has been mode the object of a very 
warm controversy between MM- Liebig, Gerhardt, and 
Vcelfcel. 

Without entering at length into these discussions, let us suc- 
cessively examine the different views regarding the formation of 
the bases in question, and endeavour to apply to their elucida- 
tion the new ideas suggested to us by the discovery of tiirfurine 
and n marine. 

By the dry distillation of sulphocyanidc of ammonium, there 
are given off sulphide of carbon, sulphuretted hydrogen, and 
ammonia (and consequently the combinations of these bodies), 
while there remains a grayish residue to which M. Liebig has 
given tlie name of melam : 
2 (Ca N Sj, H, N) - C3 H3 Na + C 8a -(- 2 H S + N Hj 

Bnlphocfonlde oromiiioaiuin. McIaid. 

M. Liebig has assigned to mcIam the formula C,g Hg N,j. 
The melam thus obtained cannot l>e a pure substance. 
According to M. Gerliardt it is a mixture of melamine and 
mellon; M. Voelkel, at first, regarded it as imjiurc poliene: 

Poliene is a substance isomeric with melamine, but neutral 
or very faintly basic, insoluble in water and in a weJik solution 
of caustic potash. 

But in his subsequent attempts to purify bis poliene, M. 
o^lkel finding that the only constant product was melamine, 
ncluded that these two eubstances were identical; and he re- 
pirds melam as a mixture of meliimine with glaucene, C^ II N,, 
immelene Cg Hj Nj (?), and albene, C^ Hg N,o O, (?J. 

X 2 
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It w erident UmU nooe of tliese opinions is exactly correct. 
Ib the fitst pWr un|Wi« melam cuinot conlniu oxvg^n, since. 
nf ammoniiun U devoid of that element; a 
eoBtftio anj con^deniMe quantity of melamin' 
ia OMst^wm of the narked diflcrenccs in the properties 
ho£M. 
"Ltt w BOW explain tbe way in wbidi n-e coneeif-e t 
I tatake plx^t hBBU^onr ideas on the fact demonstral 
hv \tAti. that iDcUmiae, and the body contained in t 
1 loae wiiBonii by beat and be con\-ert«d into glai 




- H, X. = 

1 at. awmcwiia 



c„ n, X, 



3 at. gUucen& 

OaArtXiqgMlpltocyanide of ammoRtuni, there remains as : 
■ MbMaooe wludt, when pnre, is expressed by the for 



C, H^ X, = 2 at. C, H, X, 
and wbkil constitute:; pure mclam (poliene?). 

But too l^fa a temperature may alter a certain qoantityj 
and libmtii^ xtue ammoaia mar girco nee to a com'^ponding 
qvaatitT of gkucene. 

(Uellon, trhidi raay contain crude uelam, must arise fron 
a mm ailnuMed dccotnpoeitioa which especially takes place on 
tke walb of the nM<H^>. 

Heitce it may be easily understood that cnide melam maj 
^ve «9 tke rwult of analysis, the formula 0,^ H, Xi,; for, in 
point of fiKt : 

C„ H,. X., - H, X = C„ H, X„ 

hre MMfam. Antmoaia. Crude neUtn. 



nnO 



Hence crude mcbun must be a mixture of pure melaiu wi 
a certaio quantity of glaiicene. 

We regard uclani as analogous with furl'uroUmide 
hjnlrobeo«3ttiude. 

Ob enbiniltiiig it to prolonged ebullition with a weak solu- 
tMB of caustic potash, it gradually undei^oes a trangrormatioo; 
fVom being in»)lui>Ie and amorjihoits, it becomes soluble and^| 
assumes a crystalline state, and the octohedra, which it finally^ 
deposits in the alkaline fluid, cons!^ of a new !$ uhstance, isome- 
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ric witL tliai from which it was derived, but puese^siiig alao the 
dianicti-ra of a tolembly etrony alkaloid, 

III short the inelam ia converted into mclamine. 

Under the prolonged influence of alkalies, and by the actiiiu 
of acids, melaininc becomes Buccessively transfurracd into ainnie- 
line, ainnielide, and lastly into hydrated cyanuric acid. These 
changes are induced by the eucccaaive loss of one eq, of ammotiiu 
which ia replaced by two eq. of water. They are e.\(ireMed by 
the following equations, which at the aaine time iudicate the 
relations existing between these different bodies: 

Ce H„ Nfi + 2 H O = H3 N + Ce H5 N, O, 

Mekmiue, Ammelioe. 

Cs He Na + 4 H O = 2 H, N + C^ H, N, O, 

Anmelide. 



C« H<, Ka + 6 H O = 



3 U3N 



+ Ce H3 N3 0« 
Uydralcd c^ranuric add. 



Hence we see that melamine, ainnieline. and aniinelido may 
be regarded as ariping from different cyanurntcs of ammonia, 
the mono, bi, and tribasic forms, having lost for eAch atom of 
baee one atom of water*. 

Cg H3 N3 O^. H, N — 2 H O = Cfi H^ N, O^ 

Cj'iuiurBte of ammonia. Anuoidide. 

Ce H3 N, Ofi, 2 (H3 N) - 4 H O = €« H, N, O, 

Di-cyoaiiralu of bhuhoiiui. Aiuin«liii& 

Cb H3 N3 0^, 3 (H3 N) - 6 H O = C« H„ Nfi 
Tri-cyanurate of ammonia. Melomiue. 

We have adopted Gerliardt's formula for ammellde, for the 
following reasons: 

1. liecftui^e the combination of auinielide with oxide of 
silver, the must distinctive combination that this body is capable 
of forming, corresponds better with the formula of M. Gerhiirdt 
thuD with tliat of M. Liebig. 

2. Because the formula Cg H, N^ O^ explains in a better 
and more simple manner the relations subsisting between the 
four bodies mentioned. 



• Uurhanll. I'riai c/« Vhimit orguiiviuf. 
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3. Because Liebig's formula lenda us to tuloiit tbe exk 
ofn body possessing tlie elngutiir property of being only capable 
of combining with 2 nt. of acids, 2 at. of oxidei!!, and 2 at. of 
salts, a circuiiistancq altogether exceptional, and which does not 
occur in any other body of the class of ulkaloidc'. ^1 

For the more complete explanation of this lust fact, let U8^^ 
express the bases in question by the notation of equivalents 
which has latterly been excliiavcly adopted by Licbig: 

Meliunine will be expreseed by . Cg Ilg N^ 

Ilfl combination with oolds by . Cg Hg Nj + A 

Its combination with nitnite of silver 

by . CsHgN, + NOi.AgO 

Anunoline will be expressed by . Cg H5 Nj Oj 

Its combination with acida by . C^ H5 Nj Oj + A 
Its combination with nitrate uf silver 

by - ■ C, 11, ^,0^+NO^ AH 

Ammelide will be expresiicd by the 

formula Cg H^ N^ O, 

But as a formula cannot contain holi'-equivalent^ we must] 
double it; when we have; 

iVmniclidc = C,, H, Ng Og 

Its combination with acids 

will be C,j Hg Ng O, + 2 A 

And the combination with 

nitrate of silver . . . C,-, H^ Ng O^ + 2(NOs,AgO>| 



Ammelide may also be develoi»ed under the following ci 
cum stances : 

On exposing nitrate of ammeUne to the action of heat, 
water and protoxide of nitrogen are simuitAneously liberated. 

Ce Hs N^ O, + N H 0« = Ce H^ N^ O, + 2 N 0+ 2 H O 



MitTBic of Atnmeline. 



AmiD elide. 



By the dry distillation of urea, 
t's H.e N, 0« = 2 C O, + 4 li, N + C« H, N, O, 

IB nl. uroa. Animclido. 
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MM. Laurent and Gerhnrdt have further announced tliat 
amincllde occurs in the residue of the caleiuation of hydro- 
per8uli>hocyaiiic acid. These able chemists meant to unpljr 
that animclidc! was one of the products of the action of potash 
on this residue. 

M. Liebig has very rationally observed, that a body not 
containing oxygen, cannot, when decomposed by heat, yield, as 
a product, a compound containing oxygen. 

6. Lophine, C^ Hg N. 

On heating hydrobenzamide (Cj, Hg N), ammonia and a 
very fluid and odorous oil are 6rst disengaged, AVhen ammonia 
ceases to be developed, the residue left in tlie retort must bo 
ponrcd into a mortar, and after being exiiausted with boiling 
ether, must be placed in boiling alcohol, into which fragments 
of caustic potash must be gradually added until perfect solution 
is eflPected. 

The lophine is deiioaited as the fluid cools. 

This hafic is also developed in the dry distillation of the 
mixture obtained by acting on the esaence of bitter almonds 
with sulphide of ammonium. 



7. The Alkaloid derived Jrom Caeothrline, 

It has been shown by MM. Gerhardt and Laurent, tfaat 
when nitric acid acts on bruclne, nitrous ether is liberated, 
and a i>eculiar yellow body is formed, to which M. Laurent has 
gi^'cn the name of cacothcline. 

According to tliis illustrious chemist the reaction is expressed 
by the following equation. 

C« H^ N, Ob + 3 (N 0„ H) = 2 (.C, II„ N, 0,„) 

BrDciae. Nitric acid. Cacotheliae. 

+ C« Hj N O^ + 2 H O 

Nitrous ether. 

Cacothcline submitted to the action of ammonia is Inuia- 
formed into a new alkaloid, which apparently includes the 
nitrous vapour. 

Its composition has not yet been established. 
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ox THE jumriciAi. pobjution 



• of its etabilitr. it^ characteristic propertim, 
tke ■nBerons cBmbJaatioiw intu whi^ it enteni, and the ia^y 
it ara lM ^ prodoeU to wlucli it gives rise, we may regard 
amCar as tbr moet imponant of the aitiGciBl bawsi. 

Id wmerotis circuoHtances its behavioor is similar to that 
ottammaBoMf and ia loanf taaee the stody of aniline will faci- 
litate that of t^H* ammoaiaBal ooiiipouDd& 

This aDEaloid is abo prnduced imder cxtremelv rarioiiB 
aR^Bfltanees, and there are maojr £flereDt vaTS in which it 
MTbo famed. 

IW fettowoig arc the principal waj« in wind) it may be 



4 



1. Ob t fecB U i p o ai ag phftiate of anunonia bjr heat, the pI>enoI 
(C^ H, O.) cambiaw with *mm*MM, aoj the omnbinotioa 
healed to S9S^. in a dosed Itdie orcr a lamp^ gives rise to 
aai&ne and water. ^^ 

C„ H. O, U, N = 2 H O + C„ H, N. W 

AailiBe b then a phenamide, in the eame way as mdamise, . 
aBHncGnr. and anundide are craaununides. ^^ 

S. On ^ifiyii^ hat to anthrmnJIic add* it becomes at once ^^ 
decomposed into caihooic add and aniline. Antfaraailie add is 
then isomeric with bicarbonate of aniline. 

C„ H; X O. = S C Oj + C„ H, N 



S. Bv the (lecoiapkieitioa of iaaiiDe when acted on, at a high 
WqiMnlnrgT by hydrate of potash, carbonate of potash 
fafmed, atMl hydrogen liberated. 

C^H,XO.+ 4(KO,HO) = C„HjN+4(KO,CO^+] 



4. By the deeompoation of nilnvbetuoeoe, when acted on 
at a high temperaton: by carbonate of lime. 

C„ H, X O. = 2 C O, + C„ H, X. 

5. By the deoompoisition. under eiiuilar circonHtuooSt 
alicylamide. 

r,. n, o.. X H, = 2 c o, + v„ n, x 
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6. By the decompotiitioii of nitrobenzidc by Bulphiiretted 
hydrogen. 

C„ Hj N O, + 6 H S = C,2 H, N + 4 n O + 6 S 

Nitrobenzidc. Anillno. 

7. In the preparation of M, Miucherlich'a azobenzide, that 
is to say, in distilling nitrobenzidc with an alcoholic solution of 
potaah, there arc formed not only aniline and azubenzide but 
also oxalic acid and water. 

!C,, H, N ozobeuzide. 



Nitrolenziile. 



Alcohol. 



U, 0, water. 



SECOND CROtrP. 

Rednt;tion by sulphuretted hydrogen or aulphidc of ani- 
tnoniuni of nitrogenous combinations, formed from the hydro- 
carbons, by the substitution of 1 or 2 eq. of nitrous vapour, 
(Nj O,) for 1 or 2 at. of hydrogen. 

1. Aniline, by the reduction of nitrobenzlde. 



bi nitrobenzidc. 
nitrobcnzoenc 
nitron a phtalide. 
b ini tro iHiph t alide. 



2. Nitraniline „ 

3. Tolui'dine „ 

4. Naphtalidiue „ 
6. 8eminaphtalidine 

This mode of forming alkaloids promises a rich future harrest . 

We already poascsB a very considerable number of hydro- 
cuburet^, and further so many means of producing them, that 
tdeoce will never lie at a lo»s in furnishing them. 

Moreover moat of the carburets of hydrogen are attackable 
by nitric acid, and we ehall certainly be able to substitute Nj Oj 
lor H.J of the hydrocar buret. 

Having once obtained the compound, all we have to do is to 
diaaolvc it in alcohol, and to submit it to the action of sulphu- 
rL'tted hydrogen, or of an ntcoholio solution of sulphide of am- 
monia. Kcductioii will ensue, and an alkaloid will be found 
amongst ihc new products. 

The oi^ftiiic Iml^cs formed by this method are generally very 
well characterised, crystal lizable, have an alkaline reaction, and 
^wlily form crystalline and distinct salts. 
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They scarc«ly ever contain oxygen, unlcse tliey utclude tie 
elements of nitrous ^-apour, (mlramline). 

As the process of fonuiitioo is absolutely the same for all 
the different bases of this group, and since, further, (except in 
the case of aniline,} we do not know of any other method of^ 
preparing llicni, we shall [tlace before our readers ihe ci^uxtions^ 
illustrating their formation. 

It must be reineuil*cred that nitrobenzido and binitrobenzida 
are produced by the action of nitric acid on benzol, (Cjj HgJ; 
and nitrobenzocne or nitrotoluide by the action of the eaaie acid 
on benzoene or toluol (C,^ 11^); and nitronaphtaliilc (nitro- 
na])htiile3e) and blnitronaphtalide, (nitronaphtalese) in the same 
way, from naphthaline (C^ H^). 

Keducing by means of sulphuretted hydrogen we have, 

C„ lis X O, + 6 n S = C,, II, N + 4 H O + 6 S 



I 

1 



NiU-dbenzJde. 



Aniline. 



C,a H, Na Og + 6 H S = C.a (H, N Oj) N + 8 H O + 6 8 

Omitrobonzide. Nitranilino 

C,4 Hj N O, + 6 H S s= C,, Hg N + 4 n O + 6 S 

MitrobcnxoiDe. Tolaidme. 

C«, H, N O^ + 6 H S = Cjo II9 N + 4 H O + 6 S 

NitronapliUlose. KajibtoUduie. 

Cm Hfi Nj Og + 12 H S = 2 (C,„ H^ X) + 8 H O + 12 S 

Nilrooaphtalise. Scmiuaphlalide. 

Note. Nitrous ether, which has for its formula, C4 Hj O, 
N" O3, or C^ Hj N 0„ may be regarded as a hydrocarburel, 
C^ Hg, in which an equivalent of hydrogen has been replaced 
by an equivalent of nitrous Ta|)our, N O^. If such an arrange- 
ment occurred, the action of the sidphuretted hydrogen would, 
conformably to analogy, be expressed by the following equation: 

C, H; N O, + 6 H S= C^ H, N + 4 H O + 6 S 

Nitrous etlior. Nev alkaloid. 

We should obtain the compound C^ H, N, which very probably 
possesses the characters of an alkaloid. 

These are the considerations which have induced me to 
examine the action of sulphuretted hydrogen on nitrous and 
nitric ethers. 
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I. Reduction of Nitrous Ether bi/ Sulphvrtttfd JJifdrogeH. 

The nitrous ctlicr woe prepared in the manner that I des- 
cribed Bomc years ago in my Cliciiiical Thesis, Bubraitted to the 
Faculty of Sciencea of Sirasburgh. It conaiata in making 
equal volumcB of alcohol and nitric acid react on each other 
in contact with iron filings or fmgmonts of copper. 

The reaction always proceeds quietly, even when operating 
on considerable quantities, and ia almost entirely accomplished 
without the external application of heat. 

The vapour of nitrous ether is firet passed through a fltisk 
filled with water, for the purpose of washing it; then through a 
long tube containing cbloi-ide of calcium, for the purpose of 
flrying it; aud it is finally condensed in a smiUI globular recelvor 
placed in a powerful freezing mixture. 

Nitrous ether obtained in this manner ie perfectly pure and 
free from aldehyde. 

In fact, on decomposing it by on alcoholic solution of potash, 
(a decomposition which only takes pbice slowly,) it remains 
perfectly colourless. The slightest trace of aldehyde would have 
given rise to the production of a brown tint. 

In this process it is evident that the copper serves to reduce 
the nitric acid to the state of nitrous acid, by abstntcling oxy- 
gen from it, and it is the nitrous acid thus developed which 
reacts on th^ idcohol. 

KitrouH ether is very readily reduced by sulphide of ammo- 
ninin. The two bodies are hardly in contact before there is 
an energetic reaction, and in the course of one or two minutes 
llie reduction is complete. 

In order to study the products of this reaction, I have 
Adopted two different modes of procedure. 

a. An aqueous solution of recently prepared sulphide of 
anunonium, is introduced into a pretty strong flask with u 
ground glass stopper; above there is carefully poured a layer 
of nitrous ether. The flask being well closed, the whole ia 
tiioroughly shaken. An energetic reaction instantly occurs, 
accompanied with the discDgiigement of heat, and the contents 
of the tlask momentarily assume a brick-red colour, in conse- 
quence of the formation of per-sulphide of ammonium. This 
is immediately followed by decoloration of the fluid and by an 
abundant precipitation of sulphur. 
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By w we MBit e additioits of nhroiu etlier and sulphide uf 
■mnoBiom, m iimj radilj achieve the complete decomposition 
of these twobo£es. 

The precipitated ealphar having been separated by filtra- 
tioo, the liquid a carefuUj dLi^iUed: with the esceptioa of a 
minate quantity of ^phor, uo residue h left tn the retort. 

The dialed 6uid poescsscs a etrong ammoniacal odour. It ia 
neatnlized with hydrochloric acid, and again eubniltted to 
partial distillatioD. 

The distilled finid ponaea Boo a weak alcoholic, and very 
slightly alliaceous taste ; when heated to the boUing-point the 
vapour becomes inflammable. 

The rcmiuning 6uid yields an abundant crystallization of 
hydrocldorate of ammonia; on concentrating a portion to dry- 
ness, it waa impossible to detect anything except that salt. 

Hence nitrous ether reduced by sulphuretted hydrogen, gives 
origin to alcohol and ammonia. 

C, Hj N O, + 6 H S = 3 Cj Hg O + 2 H O + H, N + 6 S 

Nitrous ether. Alcohol. 



b. Nitrous ether is dissolved in absolute alcohol, containing 
a little ammoniacal gas, and a stream of sulphuretted hydrogen is 
jiassed through the mixture. A precipitation of sulphur ensues; 
the distilled fluid yields no residue, the alcoholic fluid iu the 
receiver ia ammoniacal, but at the same time posaesaea an odour 
of mercaptan. 

II. Reduction of Citric Ether by SwJpkvretted Hydrogen. 

The nitric ether was prepare<i according to the method de- 
scribed by Millon, was washed with plenty of water, dehydrated 
and rectified. 

Its reduction proceeds much more slowly than that of nitrous 
ether, and as it is far less volatile, the reaction can be much 
more easily watched. 

On [lassing a cuireut of sulphuretted hytirogen through 
nitric ether, diluted with ammonintcd alcohol, the mixtme 
begins to boil at between 95'^ and 104" F. It deepens in colour, 
and we siion obsei-ve minute needles of sulphur deposited at the 
''ottoni of the vessel. 
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Tliey rapidly increiwe ui quaiiUly. and if the nitric ether 
baa not bccu diluted with alcohol, the whole aseuiucs the cha- 
racter of a half Sdlid mngma. 

The deposited sulphur is, at intervals, removed by filtration, 
and the fluid again submitted tu tlie action of sulphuretted 
hydrogen. 

This part of the operation being concluded, wc find, that on 
ilisliUjng the alcoholic tiuid, no residue ia left in the retort, with 
the exception of a trace of nitrate of ammonia, which is evi- 
dently dependent on the regular decomposition of nitric ether 
by an alkaline base, and a little hyposulphite of aounotiia, the 
latter being the result of the action of the air on an alcoholic 
solution of hydrosulphuret of ammonia. 

In fact, in an imjwrfcctly closed flask containing tlie last- 
named substance in solution, we observe that in the course of a 
few days the liuiJ becomes colourless, and deposits very tliiO) 
mi^ificent, hexagonal lamime, forming a considerable surface 
of very pure hyjiosulphite of ammonia. 

The distilled alcoholic fluid contains ammonia and mercaptaa. 

Tlie ammonia having been saturated with hydrochloric acid, 
the fluid, rectified by a fresh distillation, precipitates the salts of 
lend witli a yellow, and the chloride of mercury witli a white 
tint ; the precjjiitate dissolves in boiling alcohol, and reappears 
OD cooling, in the form of brilliant scales. 

Nitric ether reduced by sulplude of ammonium, without 
the intervention of alcohol, also yields mercaptan. 



TOIltD OROLT. 

Dittillation of Ortfanir Substances with veri/ Conctntrat'd 
Hydrate of Putu»h. 



In this group we ahotJd place two alkaloids which ore ordi- 
narily grou|)ed amongst the natural alkaloids; these are, Conine, 
C,fl H|j N; and nicotine. Cm Hj N. 

These two base« do not naturally exist in the plants from 
which we obtain them, but result froiri the nclion of hydrate of 
jmtash on particular substances or principles, of which that 




vUe tifau IB tbe ComuBr 



Id thu. of pota«b oq batine. 



bdeaoiigki tUsgranpare: 
C|, H, X. resolting from the »ction of liy- 
on qinmoe, cinchonme, and stfjehiune. 
& AwEne, reisultiDg from the actioo of poUub on tntioe. 
X MuaoohloraoiUQe, derived from chlortaadnc. 
^ BicMomnilinc, derived from bkMon8slin& 

5. Monobroni aline, derived from bromieartiiiCL 

6. Bibrouiuiilliiie, derived firom bihroDiiEatiDe. 

7. CotuDe, derived from an unknotra oomponnd. 
6, Nkotinc. derived bom nicotianine. 



1. QttinoUaK (Lenkol), C,9 H, 3f. 

Jt is only quite recently that M. Gerhardt, to whom sdence 
b iwfebted for the diaoovery of quinoline, baa ascertained iW 
ib w klentMal with a base, Icukol, vhicb was prc^-iou^ly known, 
wid which 13 obtauoed froia coal-tar. It occurs together with 
aoiliuc (kyanol). 

It U a fact not devoid of interest that while qulnoleine is 
wttfadrawn from the natural alkaloids already described, 
tj abo be obtained from piperine which approximates 
W^ to the alkakida. 

tlVr wct i oaa. ^ving rise to the formation of quinoleine, are 
. b; tbe following equations : 

C» B,, N" O, = C„ H, N + C O, + II. 
fe»«, S O + H O = C,B H, X + C Oj + Ha 

QniDoIuuie. 

,\ ♦ « H O = C,B Hj N + 4 C Oa + H„ 

Qiuaolcine. 

vf coal, the qiiiooloinc is probably 
to tlint in which aniline ia pro- 
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tluced by the decomposition of a aalt corresponJing with phenatc 
of ammoniR. The foUowiug will be the reaction that ensues : 

C,8 Hg Oa + N H3 = C,e H, N + 2 U O. 
2, Aniline and its derivatives. 

Although we have already given the formula for the pro- 
duction of aniline from isatiue and potash, wc shall here repeat 
it in order to shew the identity between its preparation and 
that of its derivation by substitution. 

The elilorine and Iiromine of chlor- and bronuBatine occtur 
as integral [wrtiona of t-hlor- and broiuuniline : 

C,6 Hj N O, + 4 (KO, H 0)= C,a II, \ + 4 (K 0, C 0,)+2 H 

iMtine. Hyd. poliuh. Aniline. Carl), pgtoah. 

C,6 (H^ CI) N O^ + 4 (K O, H O) = C,a (H^ CI) N 
Chlorisaliae. Chloranitine. 

+ 4(K0, CO,) + 2 H 

C,fl (H, Clj) N O, + 4 (K O, H O) = C,j (H^ CI,) N 

KcliIonKLtine, BtchlunmilinB. 

+ 4 (K O, C O,) + 2 H 

0,6 (H, Br) N O, + 4 (K O, II O) = C„ (n, Br) N 

Bronisatme, BromaDitine. 

+ 4 (K O, C Oj) + 2 H 
C,6 (H, Br,) N O, + 4 (IC O, H O) = C„ (H, Br,) N 

BibromiBatiue. Bibronumiline. 

+ 4 (K O, C Oj) + 2 H. 

FOUBTH GEOUP. 
Drtf Dittiliation of Orgame Matters, 

In addition to the well-known alkaloids this group contains 
some other organic bases wliicli are only imperfeetly known ; 
as, for instance, pyrrhol, odorine, and animiue, noticed by 
tJnverdorben. 

We know flcarcely anything of their properties, and etill leaa 
of ihttir nature and composition. 

Dry distillation yielile the following alkaloids: 
J, Aniline, i)iiiimlcine, and pyrrhol by the dry distillation of coaL 
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2. Odorinc and animSnc by the dUtillation of nniraal ma' 

ihcy ought to be included in Dippel'a naimal oIL 

3. Nicotine by the dry dislilktion of tobacco. 

4. Lopliinc by the distillation of hydrobenzamide and of tlic 

sulphurous products of hydride of benzoile. 



A 



FIFTH OBOllP. 

DecompotttioH of a Nltragmotis Acirl. 

Thia group yields two extn;mcly interesting and remarkuble 
eKnniples: one iei the decomposition, by the dry method, of 
anthranilic acid into carbonic acid nnd aniline: 



C,« H- N O. = 2 C Oa + C,s U. N 

ADthmulic acid. Aniline. 



J 



For the second we ore indebted to the recent inTCStigatioiu of 
M. Deesaigoes; it is the tranafonnation of bjppuric add into 
benzoic acid and sugar of gelatine. 

Both acids and bases effect this tmneformation. In coiue- 
qaence of the great analogy between urea and sugar of gelatin 
we feel com]>clled to place the latter amongst the- alkaloids. 




SIXTH GROUP. 

Damlp/iurnlian of a Sulphuretted Alkaloid. 

Under this head we must place the transformation of thion- 
uaniine into siuamine, ^ 

Thiosinamine, C^ U^ N S, when treated with oxide of !cad,fl 
reacts as if it were an organic combination of 2 at, of sulphu-^^ 
retted hydrogen with sioaniine. AVater and ;-ulpbide of lead 
are formed, and the new alkaloid, einamine, is liberated : 

C4 H^ N S + Pha O = Pbj S + H O + C« H, N 

Tlua«iD(iinini?. Siniuniiie. 

KEVESTU GROUP. 

Drgulpkuration of a Sulphuretted Emenlial OH. 

The hydraled oxides of lead and mercur)-, when in contuctj 
with the essential oil of mustard, bi-eak it up into bisulphide 
carbon and into a peculiar alkaloid, sinapoline, whose formnla 
18 C, He N O. 
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EseeiiDU of innsl&rd. 



+ HO = C, Hb N O + C S, 

SuBpoUati. BuiiIpludDof uu-boQ. 



EIGHTH OBOUP. 
Alteration of Natural Alkaloids, 

a. Alteration of Narcotine by Oxidation. 

The excellent inveatigfitioiig of MM. Wobler and Blyih on 
narcotine, which throw so much light on the most intimate con- 
stitution of that alkaloid, have brought to our knowledge new 
artificial organic buees, one of which, narcogenine, appears to 
form an integral couBtiluent of narcotine. 

On boiling a solution of narcotise in hydrochloric acid with 
bichloride of platinum, this latter loses some of its chlorine, 
which decomposes the water, and the resulting compounds are 
protochloride of platinum, 1 eq. of opianic acid, and 1 eq. of 
cotomine. 



NMcoline C„H^NO„ 

Water H, O, 

Bichloride of pUtinum 4 Pt CI, 



4 Pt CI Protochloride of platinum. 
4 II CI Uydrochlorio ndd. 
C^ U,„ 0,„ Opiouic acid. 
C„ II„ N O. Catiuniiic. 



The two last substances may also be obt^ned on oxidising 
narcotine with a mixture of sulphuric acid and peroxide of 
manganese. 



C« H„ N O,, + O, = 



C„ H|„ Oi„ Opianicocid. 



C» H„ N O. 
fl.o, 



Cotaroine. 
Water. 



Narcoluie. 

But during the oxidation of narcotine, there is also formed 
another base to which the name of narcogenine has been given. 
The following formula fully explains the nature of its formation: 

S eq. of narcogenine = 2 (0^ H|9 N O,o) = C^j Hjg N, O^ 

r IT M n — J *'«H»'"^Ji NarcotiDo, 

^7a"sH"i"i» — 1 C-H„NO. Colwoine. 

Narougeuuie. 

Hence it follows that in its nascent condition, the cotamine 
combines with the still undecomjioeed narcotine to fonn 2 eq. of 
narcogenine. 

We may yet further regard the oxidation of the narcotine 
to take place as follows : 



or AX-KAiXHse. 



1 K O _ Wi 





acid ara ' 
cij o in tly with 

iLjKtMm tmg in 



dot OB alknrii^ cMonne 

of cinclnBiiie we obtain 

bromocin- 

bjr tke Eut-siiia- 

of the hj Jrogen of that 



4 



4 




it nt igiaJDs to notice 

alaioet be regarded as a 

DT pnKMKt oocnmng in 

and iadepeiukntl; 



gTnrioacidi 





by which the artificial alkaloids 
tMptaaHj these last, present an 
riadi forbide os to hope for many 
h«t Aose eartier dncxibed, admit of gene* 
mA dM news R^anEig than may be extended to a 
•ffcofin. 
W* Mky «m<naa a hope that amongst the new aDcatoids 
if we conduct onr reaearclies on fami- 
hy the same number of atoms of carbon, w 
■ay daaam baaee idea«ioal with the natural alkaloids. 
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MEMOIR. 



ON THE INTIMATE CONNECTION EXISTING BETWEEN THE 
PSEUDO-VOLCANIC PHENOMENA OF ICELAND. 

By R BlTNSEN, 



A CAREFCL study of tliG relations under which the inDumerable 
sjBtcms of Thermal springs and Fumeroles arc manifested in 
Iceland, must convince every attentive observer tliat an inti- 
m&te connection exists between them and the active rolcaooes 
of the island. The hitter, upheaved on fissures, intersect tho 
whole island in a pai-ullcl system of ton^tudinal Unca, whose 
north-north-eastern extremity corresponds perfectly with the 
psroUcl exi>ansion of the principal valleys and elevated ridges 
of the miuu system, and nith the numerous volcanic fissures 
and dykes with which the country abounds; whilst the fume- 
roles and thermal systems appear to be likewise connected with 
this main direction. Following tlus line, independently of the 
course of the valleys and elevated ridges from which they 
proceed, they may often, as at Kriauvik or in the neighbour- 
hood of Krafla and Leiznukr, be traced in lines passing tran»- 
Teruely over mountains and valleys. This circumstance, and 
the common occurrence of solfataras, sulGones, thermal spnngs, 
and geysers, and still more the intimate conaection existing 
between the phenomena of decomposition to which they give 
rise, lead, even on a superficial observation, to the conclusion 
that all these phenomena are merely to be regarded as modified 
^xpreeeions of one and the some fundamental cause. 

Y 2 
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nVUDO-VOLCAXIC FHENOHRNA 
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la orckr to attain to s deeper insiglit into these inttmatpi^ 
eatauxted phenomena, it will, in the first place, be neceasarr to 
tKrow a glance on the hitherto imperfectly understood gci^nostic 
and hydrc^nphic characler of Iceland, and by these mciuig to ac- 
quire a dear idea of the relations on which depends the remark- 
able development of the phenomena of the Icelandic springs. 

The geological character of the volcanic system of Iceland 
is mo6t strongly marked in the relations existing between the 
pahgonite-mountain and the plutonic nmases which hare pene- 
trated through it, and still continue to penetrate it during the 
eruption of volcanoes still active, in the form of currents and 
etrata of lava. 

The palagonite-tuff • forms the most ancient member of this 
eerieis of fomiations. Its formation inuueiliately preceded the 
devatioD of trachyte and of clinkstone, which last passes into 
the former, and both of which, owing to their relations of super- ^M 
position and expansion, play a much le^ important pnrt than is ^^ 
ascribed to them by Kmg of Nidda in his Treatise on Icrland. 
The penetration of the older trap, a doleritic rock which is trans- 
formed into the most various kinds of amygdaloid, characterizes 
the third and moet important period of elevation, during which 
this rock was upheaved in lai^e veins, and frequently spread 
itself lalendlr In far extended strata through the tuHaceoua 
mnnnfin We may regard as appertaining to the fourth period. 
the olivine and basaltic clevaiious which have penetrated the 
trap formations iu systems of veins of diflferent ages, and 
which are especially manifested in the Island of Vidhcy, in the , 
Bay of Rcykja\-iker and on the Esja, as well as at innumerable ^| 
other )>oint6 of the northern and southern part of the island. ™! 
The series of plutonic elevations closes with the fifth period of 
the older and more recent lavas. 

The structund relations of the trap system which predomi- 
nates over the whole island, exercise, in their relation to 
pali^onite-tuff, the most marked influence on the hydrographic 
condition of the inland. The general character of the stratifica- 
tion of this class of rocks is manifested by a tendency to 
aasimic n horizontal direction and a Hattened superficies, inde- 
pendently of the innumernliie cIc\'ationg and dislocations ocea- 

* Nunet) from Puiagooia in Sicily. 
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eloned by local causes ; eo that the trap-atrata on the decUvitiea 
of the nbru|»tly sloping valleys generally terminate in hori- 
zontal or gently inclining lines between the tnff-etrata. This 
structure is most intimately connected with tlie general level 
of the country, which rises in a flat ascending arch, until it at- 
tains an elevation of 689 meters above the level ol' the sen, near 
the middle of the island, on the Sprengisandz, the point where 
the walers diverge to the north and eontlt. This gently-rising 
elevated plateau, covered by innumerable moving glaciers, 
forms the basis of the grand icc-bcrg, colled by the Icelanders, 
the JiJkuU, and which terminates similarly in a flat euperlicies, 
manifesting, with the exception of occasional sharp projections 
&om it« bade, the structure in plutonic strata analogous to the 
above. 

Inacccsaible fields of enow cover the eununits of the moun- 
tains, and reveal, at great distances, the limits of the region of 
glaciers, which penetrate with their huge masses of ice for n 
length of many miles, even to the lower range of the plateaux, 
and may be tniced by (he bluish reflection of their dazzling 
masses in the glacier ice. It is owing to these ice-bergs, which 
cover almost a tenth part of the island, tliat Iceland, taking 
into account its climatic rehition, is characterized by so remark- 
able an abundance of atmospheric deposition, and it U tu the 
same cause wc must refer the singular development of the 
phenomena of springs, which is intimately connected with the 
peculim" structural relations of the palagonitc rock. Vast 
masc-cs of water break through the fissures and archee of the 
glaciers, or rush in cascades down the icy walls of the moun- 
tain-slopcfi, not unfrcqucntly converting a district of many 
miles into n bottomless mass of moving mud, in which the 
streams accumulate before they can Ibrra for themselves a 
well-defined and regular bed for their waters. Innumerable 
inland seas, vast marshes and swamps, which make this barren 
and desolate country appear even more terrible to the eye of 
the traveller, are the consequence of such overflowings, dif- 
fusing a mass of waters over the elevated plateau of this island, 
which, finding its way into the deep declivities alung the 
gently -inclining strata of rocks, serves to nourish the various 
systems of spriugs. 
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Tho dykes and fissures eorre«poadmg with this volcanic lit 
of eleratioD must neccssBril^ interrupt tbe course of these euW ' 
terrancim watera, and cauac them to diverge Into those deep 
ravines where a process of Iieating and evaporation must un- 
ivotdablj be induced from the actiun of the heat of the volcanic 
soil. Tbe water, elevated by tho combined force of elastic 
vapour and hydrostatic pressure, then breaks forth in th^mal 
springs, whose frequent nortb-eaotem direction necessarily 
stands in the clo«e«t connection with the above-named general 
geognostic relations of the inland. That it is from meteoro- 
logical depositions that water is conveyed to the thermid 
epringa, and a connection established, in consequence, between 
atmos]>heric and volcanic phenomeoa, is proved by the most 
undoubted facts. In the first place, nitrogen, which rises bvm 
tbe thermal springs, either pure or mixed with other gase^ 
affords certain evidence of the atmosi)heric origin of these 
waterWj since this gas, wliiuh cannot, by any possibility, be 
counted amongst the direct products of volcanic activity, has 
never yet been found, aa far as can be ascertained by any ap- 
proximative calculation, in a larger proportion to tbe mass of 
thermal waters than that corresponding with the solubility of 
the gases of tlie atmosphere in water. Another proof of the 
atmot'pheric origin of these springs b aflbrded by tbe small 
quantity of ammoniacal salts and organic extractive matters 
which are found to exist in the water, even where the Utter is 
in further connection with tlie atmospheric air than that afibnled i 
by the narrow mouths of the springs. These observations do ^M 
not, however, in any way exclude the possibility that the great " 
quantity of water contained in the palagonite of the tnft-slruta 
may take an active part in the development of gases by which 
the suffiones and geysers are characterized, and which, on 
occasion of tbe great eruptions of the volcanic ielande of I 
Iceland, force a passage for themselves through tbe cratere] 
in huge columns of ashes besuing the form of colossal pines. 

A simple calculation shows that palagonite, whose den^ty is 
2-43, and whose combined water amounts to 17 per cent-, should j 
generate a quantity of vapour on b<ung heated; which at 0" C. 
and Bar. 0-"76 occupies 512-7 times the volume of the original 
rock, and which must aeceesarily find vent where the upheaved 
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fluid massea of lava come in contact with that rock at aome 
great Bubttrranean depth. The degree, however, in which 
these aqueous contents contribute to the fonnatioQ of thermal 
springs involvea points of consideration that are not included 
in the sphere of ex jieri mental investigations. 

One of the most important questiooa associated with the 
Icelandic thermal springs has reference to the uature of their 
com|Kisition. 

If it be true that the great atmospheric process of distilhi- 
tioD gives rise to the flow of water to the springs, we may 
expect that their mineral constituents Likewise admit of being 
explained by a redprocal reaction of the originally pure water 
and of the gasea dissolved in it on the rock constituting the 
base of the spring. Geology has, unfortunately, limited itself 
exclusively to hypothesis regarding this subject, or to tho 
exjwaition of mere possibilities without investigating it expcri- 
meutally with the circumstantiality it merits. Iceland presents 
the best field lor such an inquiry in its remarkable thermal 
springs, and the innumerable geysers and suHioues which aftbrd 
an exhibition of the most striking decompositions, and furnish 
D8 with a key for the experimental solution of many, I might 
almost say all, the questions wluch have hitherto been directed 
to these mysterious phenomena. 

The Icelandic mineral springs, to which belong all the 
systems of geysers and suffiones, arc distinguished from all 
others in Europe by the proportionally large quantity of 
silica which they contain; and if we except the acidulous 
springs which are confined to the wcatcm part of the inland, the 
so-called becr-sprlngs {olkUder,) of the natives, we may divide 
the springs of Iceland into two main groups, according to their 
chemical proiKrrties, one of which would comprise the acid and 
the other the alkaline silica springs. The former belong to the 
actual Eolfataras, (the Numar of the Icelanders,) and owe their 
slight acid reaction more commonly to the presence of a small 
quantity of ammonia-alum or soda and potash-alum, than to 
their inconeiderablc traces of free sulphuric or muriatic acids. 
They contain, besides, sulphates and chlorides of calcium, mag- 
nesium, sodium, potassium, and iron, also silica and sulphurous 
acid, or in the place of tlie latter, sulphuretted hydiogcn 
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The volcanic gases of Iceland, which act upon this rock 
and are acted upon by it, only difier from those of European 
volcanoes by containing a less considerable quantity of carbonic 
acid. They consist, as is generally the case, of sul|)hurous acid, 
sulphuretted hydrogen) carbonic acid, and hydro-chloric add. 

that of the whole amount 49'35S6 of tlio oxygeo, -J^ belongs to the limo and 
ite iaomorplioua bnaes. ^'j to the iilumina and &GS<jui-oxiJi! of iron, ^ lo Ihe 
waUir, ond'y^ to the silica; and if, furlher. wo divide Lheqaantity ofoxygeo tbUB 
colc^uUled among (be Beparatc isomorpboua bases, nuLkJng it proportioiul to tbu 
respective ijuantitifs of oxygen found, we shall obtain tbe following funaiila, 
which dot« not differ more conaiderably from the remilta of the experiment 
than might be expected from an isomorpbona mixture. 

Silica .... S7-JM7 

Seeiiui-oxide of iron U'7al 

Alomlna ... 11*619 

Ldine .... ,, aui 

Hagnscia „ fi-fil3 

Potuh OtUS 

Soda .... ^ 01.-29 

Water „.. „.. ..„ le-eai 

Reeidao 4-106 



llW'Mfl 



f^ua leads to the formula : 



C., 
K , 

Na. 



8ij + 3 



Fe 

Al 



8i + H. 



Palugouito upproochos, therefore, very nearly to Oltrelils, which waa 
examined by Uamour, and of which tlie formula ia— 



Ha, 



Si, + SA18i+3H. 



Ill place in a system, will, therefore, be next to tliat body. It only 
diffWa in itt proportion of water from the formula of several of tht- Sk^olitrea 
inveatigHtcd by E. Th. Wolf. Tlie funeral furmulu^ of these three miuends arc 
iu nry oloae relation to each othui', as will be seen by what follows ; 




Bkapolitrc 
Oltrchle 
I'alagoDlte .... 



... R,8ij + aRSi. 

R, Si, -t- SS K -«- 3H. 

.... R,^ + SRK + oa. 
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The Utter, both here and at Etna, conetitutea a far less im-j 
portant feature than at Veauvius. 

The chemical relations of nitrogen, ammonia, and their 
compound?, teach us with certainty, that although these eub- 1 
stances are scarcely ever absent from volcanic exhalations; they 
are foreign to the actual force of plutonic activity. They i 
undoubtedly belong originally to the atmosphere, or to organic 
nature, their occurrence being due to the water wliich holds 
them in solution and conveys them from the air to these sub- 1 
termnean depths. 

The great abundance of the sublimations of muriate of j 
ammonia observed in the neighbourhood of Vesuvius and Etna, . 
serves rather to support, than to invalidate thia v-icw. It 
is iiirthcr coufinued, in a very striking manner, by the phe- 
nomenon that occurred in the eruption of Hecla in IS46, 
when the lava current streamed forth firom the deeiiest of the I 
four newly formed craters, spreading itself over the phun of] 
Tfajorsa. In July, 1846, (only a few months auheequent to 
the eruption of the volcano) when I was sojourning in that 
district, the lower portion of the lava stream appeared studded ^J 
over with smoking fumeroles, in which so large a quantity ^M 
of beautifully crystallized muriate of ammonia was undergoing ^ 
a prucc^ of sublimation, that, notwithstanding the incessant 
torrents of rain, hundreds of pounds of this valuable salt might I 
have been collected. On surveying the stream from the 
summit of Hecla, it was ea^y to perceive that the formation 
of muriate of ammonia was limited to the zone, in which 
meadow lands were overflowed by the lava. Higher up. where 
even the last traces of a stunted cryplogamic vegetation dis- 
appear, the formation of this salt likewise ceased. The large 
fuinerolcs of tlic hack of the crater, and even of the four new | 
cmtcrs, yielded only sulphur, muriatic and sulphurous acids, ' 
without exhibiting the slightest trace of ammoniacal products. ' 
When we consider, that, according to Boussingault, an acre of J 
meadow land contains so much as 32 pounds of nitrogen, cor- 1 
responding to about 122 pounds of muriate of ammonia, wei 
shall hardly be dis|x>scd to ascribe these nitrogenous products 
of sublimation in the Iiiva-currents to any other circumstance 
than the vcgelalion which has been destroyed by the action of 
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fire. The frequent ciccurrcncc in Southern Italy of tuff decom- 
posed by acid vapours coutiuning muriate of ammouta, likewise 
confirms the hypothesis regarding tlie atmospheric origin of this 
salt. For the same body of air which can annually convey to 
a piece of meadow-land a quantity of ammonia corresponding 
to these large nitrogenous contents, must at least be capable of 
dejMtsiting an equal quantity of this alkali on tuff-beds satnrated 
by acid water; which may be actually observed in aomc rare 
instances both in Southern Italy and Sicily. 

Without entering more particularly into the question of the 
origin of the acid gases of volcanoes, the object of this treatise 
will be sufficiently attained, if we consider merely the remark- 
able phenomena of deeomjiosition exhibited by the substance of 
polagonlte under their action. 

On treating pulverised palagonito with a large quantity of a 
solution of sulphurous acid, it is dissolved in the cold, and forme 
a fluid, coloured yeUow-brown by salts of sesqui-oxide of iron. 
On beating it, the seequi-oxide of iron yields its oxygen to the 
eulphurous acid. Sulphuric acid and protoxide of iron ore pro- 
duced in the proportion of one atom of the former to two atoms 
of the latter. The oxidation of sulphurous acid is likewise 
eftectcd in jtart at the surface of the fimieroles, by the action 
of the atmosphere, or at the mibterranean depths, by the atmt>- 
spheric oxygeu dlfiused in the spriny-water. The sulphuric 
acid thus generated, is difiused among the constituents of the 
pulogonite, which are liberated, together with a portion of 
silicic acid, and appear as sulphates in solution. This process 
represents the first stage of the fumerole action, which i» 
manifested in the Namcr or Solfatarn of Krisuvik and Rey- 
kJBtllid, on the grandest possible scale. Exhalations of sul- 
phurous acid, sulphuretted hydrogen, sulphurous and aqucoua 
vapours, here burst In the wildest confusion from the hot soil, 
oonusting of palagouitc-tuff, and spread themselves far over 
tliB steaming sulphurous fields, that are constantly in the act 
of Iwing formed by the reciprocal dccompositioD of palagonito 
and this gas. The enipted gasce and vapours nseume the 
most different character on these phiins, whose deceptive snl- 
jthurous and aluminous soil must be traversed with caution by 
the traveller who would avoid the danger of being drowned 
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in Uw bot mod. On the declivitks of the muontuns, 
finner tnp, or kra rocks oppose ui obstacle to tlini 
advxDce, tbe;^ bant (inmiog and bisan^ in the form of vast 
oolomns of njioar, from tbc fifsures and cJcf^ of ibe ro^x, 
giving ride to sounde like tbuoder wbcn tbej strike the bottom 
oTtf eubteiTuiesn cavities. But where the spring-e^tem in- 
clines more towards the valler^ and the loose tuff soils, the 
traveller c^mtinually meets with pooU of boiling mod. in wlucb 
m horrible bluish-black argiilaceoua paete rises tn huge bubble^ 
wliich on bursting, often tbrow the boiling mud to a h^gfat of 
Upwards of fifteen feet, accumulating its masses in crater-Uke 
ledges ronnd the ba^n of the spring. These phenomena con- 
stitute a picture of the wildest deraetation, only to be suipaesed 
in horror by the dread waste of the dark rocky mosAee lij 
which the scene is enclosed. 

If the activity of the chemical decompositions witnessed is 
this remarkable theatre of volcanic activity, closed with the 
formation of sulphuric acid and the solution of palagonite, to 
which the latter gives rise, the relation existing among the 
earthy bases found in the acid siliceouij springs would necefr. 
sarily be the same as that existing in the constituents of pal^o- 
nite itself; but experience shows that such is not the fact 

I here give the oompodtion of a water, which I took, 
August, 1646, from one of the largest boiling mud-cauldrons • 

CaMMMiTtON or Watkb, IK Teh Thovsaxb P^mt*. 
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the Reykjalilider solfatera, between the north-eaetcm declivity 
of the Naniftrfjall and the Burfell lava elream. 

If we reckon the bases of the ealta, which scarcely amount 
to Yoo r*""* °^ *^^ water', aa 100, and compare the preceding 
nunibere with the relation of the baeea in palngonite, we shall 
discover a great difl'crence. 

RiLiTiOH or Baieh. 
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A glance at this composition will suffice to show, that the 
sulphate of iron, produced by the action of the sulphuroug acid 
on palagonite. doea not occur in the water; that the alumina of 
the water exists in a much smaller relation than that which eor- 
respouda with the composition of palngonite; that the gypsum 
Btanda in a less coneidernble relation to the remaining baecs of 
the water than is required by the composition of pali^onite; 
and, finally, tliat the relation of the magnesia, soda, and potash, 
taking into account the errors incidenta) to the experiment and 
the oscillations to which these bases are subject as isomorphoua 
bodies, perfectly esprcsa the relation of these constituents in 
puliigonitc. 

These facts prove, in tlie most decided manner, that the 
activity of the chemical decompositions induced by the sul- 
phurous acid does not end in the sohilion of palagonite. It 
Btill remains to determine how this activity is manifested in a 
Kries of actions by which the ijuantity of protoxide of iron 
funned, together with a portion of the alumina and lime, are 
again removed from the solution. The separation of these 
Cunstiluents depends on a verj- remarkable relation of the sub- 

" We mnj lbu» see Uow inexact aud esaggenited are Ihe dsla yU-l.liHi, even 
by tlio niont recent Iruvidlerv, uf the composition of lliese funii'mlv wniera. 
Thnu wolcrs have bo littlo taxie lliat tlii.']' uiiglit, ill case of necvesily, be lued 
for drinking nfivr tlicy Iiad Iweii cooled and filtfrod, 

f Uobig's .4nnii/., bd. Ui. U », a. 373. 
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stance of palogonite, which indicates a mode of origin of mftnr 
many uf the older rocks that has hitherto remained wholly tm- 
bceded, and which may throw a new light on aome metamorphic 
Btructures, whose origin must otherwise be considered to belong 
to the moat mysterious problems of geology. 

One might indeed be inclined to ascribe the total abaence of 
oxide of iron in the natural solutions of palagonite to its preci- 
pitation by the firec or carbonated alkalies which, under special 
circumstances, proceed, as I am about to ehow, from the decom- 
position of this mineral; but an explanation of this nature appears 
wholly inadmissible, as the alumina must have been precipitated 
by alkalies before the protoxide of iron, or Bimnltaneously with 
it; facts tbat are alike incompatible with the presence of tlua 
substance in roost suffione waters. The true cause of the 
phenomenon is different. Thus I have found that pulagonite 
possesses the property, on being digested in a neutral solution 
of sulphate of iron, of precipitating the protoxide of iron, as a 
hydrate or rather as a silicate, with the formation of eulphate 
of lime. Free sulphurous acid, therefore, originally dissolves 
tbe oxide of iron of the tuiF as a prolo-salt, together with a 
portion of its remaining constituents; but when the solutions y 
have been neutralised by their passage tlirough tlie rock, the^| 
oxide of iron ia again deposited as hydrated protoxide, on being ^^ 
brought further in contact with the rock, or as hydrated sesqui- 
oxide when oxygen ia present. The decomposed palagonite ia 
thus converted into alternate and irregularly penetrating beds 
of white ferruginous and of coloured ferruginous fumerole 
clay. The limits of these deposits indicate the strata whera 
the first action of acid solutions lias passed into the second one 
of neutral solutions. The solfataras of ICrisuvik imd Rey- 
kjahlid ore rich in instructive examples of this nature. Thus, 
for instance, we observe on the north-eaatem wall of the 
NimarQall at Reykjahlid in the neighbourhood of the largest of 
the cauldrons of boiling mud, a fimall ravine, formed by the 
offshot of the waters and by the jets of steam issuing from the 
fumerolee, in which tlieso depositions are disclosed to a consi- 
derable depth, exhibiting in the clearest manner the pheno- 
menon of alternating colours. One is astonished at observing 
tbe great dmilarity existing between the external phenomena of 
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these metamorphic depositiona of clay etill in the act of forma- 
tion, and certain atructurea of the kcupcr formation. 

Thousands of years hence, the geologist, who explores 
these regions, when the last traces of the now active fumeroles 
have vanished, and the clay formations have become conso- 
lidated into marl-like rocks by the silica with which they are 
saturated, may suppose, from the differently stratified peti-o- 
graphic and chemical character of these strata, tliat he was 
looking at floetz strata formed by dejmsition from water, as in 
the case of many structures of the secondary period. Not^ 
withstanding that ihia metamorphosed rock originally con- 
sisted of a homogeneous mass of palagonite, the alternating 
composition of whose interior is owing to a secondary transport 
of its constituents. 

The same action which is exercised by palagonite on the 
neutral solutions of sulphate of protoxide of iron occiirs also in 
the sulphates of alumina and sesqui-oxide of iron. Both of these 
bitsus owe to this their precipitation from neutral solutions, 
with the formation of gj-psum; so that not only is the alumina 
removed from the suffione waters, but it is transported from 
one part to another within the domain of these decomposi- 
tions. A great variety and inequality must consequently be 
induced in tlje composition of the argillaceous strata, affected 
as it ia by the incessant changes in the place of eni[ition of 
gases, by the special relations of water-currents, and by the 
fiaturutious going on in the interior of the rock. 

Wc see from these considerations, that sulphate of lime ia a 
main product of these reactions, appearing in the second as 
well as the first stage of the decompositiou of the palogitnitc 
Palagonite exercises no further influence upon this or any other 
of the soluble products of decomposition. The inconsiderable 
solubility of this salt combined with its great capacity for crj-s- 
tallization gives rise to its constant separation under very re- 
markable relations. 

The clay of the fumcroles becomes filled up with deposi- 
tions of this substance. At the surface, especially, where the 
deposition is favoured by slow evaporation, innumerabk- crystals 
of gypsum, often an inch in diameter, may frequently be ob- 
served loosely surrounded by the argillaceous maas, oa at the 
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solfataras od the Leimukr. These cryatale being very pureTI 
not apparently very i'ully developed, 

At the mountain ledge of the Nimarfyall and at Krisuv 
this gypsum is found to penetrate the argillaceous ma^cs d 
coiaucted strata and Jfoor-Uke depositiona, which not iinlre 
quently project as Bmall rocks where the looae Boil has been 
carried away by the action of the water. These depositions 
are sometimes sparry, corresponding in their exterior very 
perfectly with tlie strata of gypsum so frequently met with 
in the marl and clay formations of the trias. ^H 

Their deposition is owing to a fact that has not hithert^^ 
been suffiaently regarded in the explanation of geolo^cal 
phenomena, viz.: that substances crystallizing from solutions 
are more readily deposited on a surface identical with the 
own (nllhough at a considerable distance from the limits 
their solubiUty), than on substances different from themselve 
These depositions of gypsum increase, therefore, in thes 
formations in the same manner as we observe small crystals 
to enlarge in a solution, without any deposit being furme^H 
on the sides of the vessel; much salt being removed froni^' 
the solution (not by a change of temperature, but owing 
to the cohesive force emanating from the crystal,) so tha 
no further deposit can be made on the particles of bodie 
of a different nature. The process of crystallization her 
comes within the domain of mechanical forces, since it cause 
by the expansive growth of the layers of gypsum, 
upheaval of the moistened clay deposit, or compresses 
towards the exterior aa the first-named masses increase 
quantity'. 

* The attention of geologists has hitlierto been almost eiclusivelf dJrMte 
to the nietaninrpliisni of rocks from the action of fire. Tlie inetamarphii 
trsDafomiations eSectcd by the action of gas and water at Ion tempcraturee, i 
we Blill see tlieia exemplified on a. small scnlc in Ihe fumeroles, must, howev 
Iiave plnyed a no leas iinportnnt part in the more ancieac plutouic disturbance^ 
and exercised rui immeaaurable degree of inftiiouce in l)it formation of the ■nb- 
stance, constituting the uccumuhiled mu&sos of the strata of the sccondarj 
period. 1 have eudeavourud, in itie preeent treatise, to bring promiaeiitly 
forward some indications and relations that may, }>erliapB, lead tbe geologist in 
the riglit puth for investigatiog these slructm'es. Everything seems lo uidicale 
thnt wenre justified not merely from observations, but more from eiperiioeutal 
iUT«stigationi^ in referring tbe metamorphoses of rocks to hydatothermio i 
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Od a more attentive cons'ideratloD of these phenomena, we 
can scarcely avoid the conviction that tlie origin of a [lortion 
of the vast deposits of gypsum, which so frequently characterise 
the marly -argillaceous strata of the later flcetz series, and in 
which the total absence of calcareous concliylia points to the 
action of acid vapours, is due to a chemically-identicaU but 
perhaps geoIogicalty-difFeront, action. A careful invcstigiLtion 
of the var)'ing composition of these marly dejweits, having 
epecial reference to their mutual relations to one another auil 
to the strata contaiuing oxide of iron and deposits of gypsiuu, 
would, therefore, prove of the greatest interest in studying 
the history of such floetz-beds. I propose, on a future occasion, 
to enter more fully into tlie relations of the tertiary clay forma- 
tions to biusaltic. doleritic, and trachytic tulf, since these fume- 
role actions throw great light on the subject. 

Before I quit the phenomena of springs and turn to those 
embraced by the alkaline waters and the gcyscr-formations to 
which they give rise, I must not omit to notice some few pro- 
ducls which, although less prevalent, nevertheless belong to the 
characteristic phenomena manifested by the activity of the soi- 
fataras in Iceland. Among these, I reckon plumose alum, iron 
pyrites, sulphide of copper, sulphate of copper, and, as the most 
important of all, sulphur itself. The formation of plumose aluui 
ie limited to the surface of the fumerolc clay, such soluble salts 
being only found at periods when a dry atmosphere favours 
their etHorescence on the ground. Such depositions do not 
depend on a spontaneous evaporation alone of the sufSone 
water, which ia so poor in alumina, or even on the evaporation 
induced by the heat of the volcanic soil, but must rather be 
referred to the sul[ihuroua gasea that penetrate through the 
hot soil; Slid they usually indicate the portion of the smoking 
mud-crust which the traveller must tread with extreme caution, 
in order to avoid the danger of being burnt. It may be 



pjToeaiulic — or where llieso occupy tlio mme soenc of actioa — to liydntocuutie 
formslioluL I do not know, however, wholhtr the limo has f ct orrivoil when 
we ■»>}' jutroiliice tliEse ileaomioiilious into tlie Duniuavlulurt! of kicdco. SucIi 
durlinctive appellnlioni cortaialy remain devoid of spplit^lion itnljl iha leal of 
•xjwrlmeDt lioa decided Ibc question in all its lieuriii)^ And geological cbe- 
nialry i>, UDfortimatel; ■ stiU far from having attained lo this objccL 
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plainly seen that the remarkable property possesaeJ by pala- 
gunite to precipitate neutral solutions of alumina, must linut^^ 
the formation of alum to those localities where a constant flof^H 
of acid, more pnrticulurly sulphimjus acid, is kept up by the 
action of the fumeroles. Sulphuretted hydi'ogen gas, which 
accompanies the gaseous exhalatioae of these euffiones, exf 
riences, where in contact with the porous fumerole clay, th^ 
same kind of contact combustion whicli has lately been 
ably described by Dumas, at the expense of the oxygen 
the atmosphere; and of which the principal product 
sulphuric acid. Every fall of rain wliich dissolves the 
and carries it to the inner strata of the palngonite, no 
only withdraws it, but actually gives vise to a second procesa" 
of decom^xisition within the rock, in which the alumina 
precipitated by the pali^onite, which, in its turn, 
through all the different phases of decomposition that, as 
have already remaiked, begin by the neutralization of the 
solution and terminate in the precipitation of the alumina and 
the oxide of iron. Hence it follows, tliat the phenomena of 
the alum formations whichj in dry weatlicr, run tlirough tlieii 
whole course in the space of a few days, and as rapidly dis 
appear in rain and a humid state of the atmosphere, bear 
relation to the small quantity of alumina contained in tt 
water of the suffiones. 

The main attendant of the suffiones, and the one by which 
they are actually converted into solfataras, ia sulphur, which 
is ibund deposited in very large qiiantities on the Namar of 
Krisuvik, of which we have already frequently spoken; and 
to a still more considerable extent in the neighbourhood of 
the Krafla. It appears to be essentially due to the reciprocal 
reaction of sulphurous acid and sulphuretted hydrogen 
At all events, these gases which, as is well known, mutually 
decompose each other, depositing sulphur, constantly accon 
pany sidphur sublimations, exhibiting mutually ant&gonistU 
conditions. It must be admitted that I have endeavoured ua<9 
successfully to detect by the most sensitive test paper the pre 
sence of sulphuretted hydrogen in the fumeroles of the foi 
recent craters of Hecia, which are so rich in sulphurous acid 
and sulphur. I was equally unsuccesaful in discovering traces of 
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sulphuretted hydrogen gas by the use of the same means, when 
I investigated the giw that slrcamed from the fissures and 
creviees of the innermost and highest of the craters of Hecla, 
which have been upheaved during the late eruption. The inves- 
tigation was rendered peculiarly difficult from the column 
of gas that ieaued from the uppermost and innermost walls of 
the crater, A phenomenon may, however, be noticed in the 
immediate effects of the eruption, which iniliciites the presence 
of some inconsideralilc traces of this gas, which has escaped 
undecomposed with the great csccsa of the liberated sulpliurous 
acid. 

On bringing a lighted cigar near the evolving gas the 
well-known phenomenon of con tact -combust ion is at once 
manifcst^-d, which was first observed at the fumerolcs of tlie 
solfatai'as of Naples, and may be considered as exercising the 
most sensitive reaction on sulphuretted hyilnigen gas*. A 
dense cloud of viijKiur is instantaneously observed to emanate 
from the burning body, diOiising itself far over the ravine and 
the plain of the fuineroles. This phenomenon could be calletl 
forth at Hecla even where there was no smell of sulpliuroua 
acid, and where paper, saturated in acetate of lend, exhibited 
no trace of sulphuretted hydrogen after having been exposed 
for many hours to the action of the vajjours. It is, more- 
over, a very common occurrence in Iceland to find that the 
water of the boiling cauldrons, although giving indications 
of sulphurous acid only, is permeated by gases impregnated 
by B large quantity of sulphuretted hytlrngen — a circum- 
stance which proves that the last gas is decomi>08ed on 
\u solution in tlic fluid containing sulphurous aciil, and that 
this decomposition la accompanied by the deposition of sul- 
phur. Where the«c gases appear in contact with aqueous 
vapour, thick crystalline crusts of sulphur may be observed 
deposited round the mouths and over the top of the fiunerolos. 



■ Almost til Iho hot tprings and rnmeroles of Icoknd exhibit this jibc- 
nomonon. Even the liglit vopour wliicb riBGO from tiio daa bluinh-green 
tnlBT at lliu bii*iii of the largo crater is conviTtcd, on llie appro xiniBlion of a 
burning body, into a deiise clond of vapour, wliich envelopes the "hole mirror 
of the wnlcr and Bprcads itself in all directions, from the point of contact, u if 
from m ceotrG of combuslian. 
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AaBlbur and br lea 

in the form of a 
■nyiUftoWNis strata seem not 
TbU (Icpoeidon 




are' 
W dc cDTTents of the 

fwt ti Uie eulphor ia 
'. by wbich 
to be cemented 
be owing to the 
of the sulphuretted hjdnigeB hy atmos|iheric 
it may also depend on vapoar of iolphur that 
the Btrcain of nqneoos Tapovr. Tim latter kind 
deposition can be exhibited by a Ticry simple 
for when water contatniog Sowen of ralpbur is 
. Moudenible quantity of this body mar be obserred 
tea Uw reccivxT in the fonn of a ddicate white 
I baY« only found sulphur in a etat« of fu^on in 
ht^Ml of the recent crater? of Hocla, the tipper walla 
IMuftMcd, at different paru of their sup»rficiea, a 
Su exceeding 100° C, this bang eepeci&lly the 
<^ ife vaiiMly of the many fiBSuree that run in a north- 
parallel with the back of the crater. The 
4 ««• Made in July 1846, and, consequently, some 
1^ hat great eruption. 

|C«doct of furaerole activity deserving, in a high 
tion of geologists, is iron pyrites, which very 
up different portions of the clay depOE^it^ pro- 
^ 1^ tfeiNin position of palagonite, appearing in the 
l£~i«Htt (fvvtid*. often very beautifully developed. It 
wbioh can be most plainly observed, throwsi 
•W the formation of the iron pyrites, whichl 

ui the older argillaceous marl bedfl, est 

Ar although the two processes may originate! 

CMiagical conditions, there con be no doub 

chemical nature. 

IMlty depend upon a very remaifabli 

.wi;:mi amaMBEvd by (he substance of the palagonite' 

^ -; «^lMtmt«d hydrogen. In consequence 
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of thiti, proto-sul[)hide of iron and olkaliue metallic sulphide* 
are produced. The palugonite is converted by the formiAr into 
a block mass, which occasionally imparts a bluish-black colour 
to the clay of the boiling mud-pools, and is not unfrequently 
manifested in the spring by the deposition of a. aandy-black 
powder. The alkaline metallic sulphides, on the contrary, 
are dissolved by the boiling water, and converted, wherever 
they come in contact with sulphur, into poly-sulphides. No 
one who is familiar with analytic investigations can be igno- 
rant of the facility with which these bodies dissolve slight 
traces of proto-eulphido of iron with a green tint, and then 
ogam are able to deposit it under peculiar circumstances. 
It will, therefore, be easily understood how the higher oxide 
of iron, converted into proto-sulphide of iron, by sulphuretted 
hydrogen, with the separation of sulphur, should be dissolved 
by the simultaneously formed alkaline poly-sulphides; and 
abstracting I'rom the latter an atom of sulphur should ngaio 
be precipitated in crystals of bisulphide of iron, or iron 
pyrites. The mode in which the iron pyrites is formed fully 
confirms this view. The coloration by oxide of ii'on stands 
in an inverse ratio to the ([uantity of the crystals formed, 
the furmer increasing in depth as the latter dinunish la 
quantity, the pyrites being only found in its greatest possible 
development where the oxide of the iron had wholly vanished 
from the clay. 

I shall postpone fur another occasion the consideration of 
the conclusions which might be drawn lirom these processes 
regarding the origin of the older clay-formations. It is eauy 
to perceive that these pyrites-formationa have nothing tn 
common with those tliat have been produced by the decom- 
position of sulphates by the action of organic matter, since 
they occur as well in the highest crater of Mount Hecla, where 
all idea of the co-ufieration of orgimic substances must full to 
the ground, as in the geysers of Reykir and in the soUataros 
of Kn'suvik and Keykjahlid. 

I must not omit to mention, that some compounds of copper, 
arising from secondary actions, hkewisc ap])ear as eeporale pro- 
ducts of fumerole activity, as, for iiuitance, sulphide of copper, 
kricuvigite, and sulphate of copper. The formation of tboso 
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Rtbatancea is, hoverer, too aUnple to require any s^iaraH 
notice; althoogh wc would observe that the difTudon of copper 
in tJie great IcL-laodic volcsaic system eeems to receive some 
elucidatioD from tlie occurrence of pure copper in the tnp 
fonnations of the ielaad of Faroe 

On considering the numeroue chemical processes, who^ 
fo<u are the aolfatanu and ftuueroles of Iceland, we cannot 
fiul to see that it is the great abimdance of volcanic gases, 
especially gulphurous acid, which, together with the reaction of 
palagunite, constitute the main character of these phenomena. 
Where these gases are no longer prominently manifesteiil, or 
where sulphurous add is olmoist wholly absent, the ecene sud- 
denly changes. The observer finds himself at once transported 
to a totally different field of pseudo-volcanic phenomena, as it i* 
represented by the innumerable thermal and geyser eyslcme. The 
conni>ction existing among these phenomena and those we have 
been conddcring, ie not less simple than it is easy of compre- 
hen^on. Here, too, the relation of the paI»gonite substance to 
the com[X(sition of the waters of the springs constitutes the 
starting point, from whence the observer, aided by experiments, 
may athimce, step by step, from the most inconsiderably mani- 
feeted chemical actional, till he arrives at a knowledge of that 
wonderful mechanism by which the grand activity of the violent 
sources of eruption in Iceland is maintained. As it will be 
necessary to direct our attention to some definite locality, I 
would select the Great Geyser, as tlie best known of all the 
intermitting eruptive springs of Iceland. 

The tlicrmal group belon^ng to this celebrated spring lies 
on the outskirts of the great glacier phun which constitutes the 
elevated plateau in the centre of the island, almost exactly 
south-west of the liighcst point of Hecla, and only distant 
from it about 20 geographical miles in a direct line. The 
height of the geysers over Reykjavik (at the residence of 
Counsellor of Justice, Thoretcnsan,) amounted, according to 
the barometrical measures made on two consecutive days, ta^| 
112*8 met. and 107-2 met. Thdr main dii-ection runs abou^^ 
N. 17° K and is therefore almost parallel witli the chain of 
Hecla aud with the general direction of the fissures. The 
oldest rock forming the base of the springs is also her« comT 
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posed of palagonite tuff, penetrated lengthwise by a vein of 
cliokstone, running from the western margin of the springs. 
Here and there a. few boiling and vapour apringa buret from 
the clinkatone, at a height of about 55 met. above the Great 
Geyser. The main focus of thermal activity is, however, 
utuatcd in a loose palagonite tuff at the foot of the opening in 
the clinkstone. This rock, on the north-western aide of the 
geyBCr-cone, where the strata are broken through by a jet of 
water, is covered above by the siliceous deposits from the 
spring, whilst below it becomes transformed into the variegated 
fumcrolc clay, of which we have already spoken aa a product of 
the decomposition of palagonite. 

The characteristic phenomena of decomposition which mark 
the acid s'Jiccous waters, are never wholly absent from the 
oIms of alkaline springs. Hero, too, where the fumerole clay 
is freed from siliceous incrustations, a foaming jxiol may occa- 
sionally be met with, the dark viscid mud of which rises in 
huge bubbles, or a steaming bed covered with crystals of 
gypsum ."uid alum, or, finally, a deposit of sidphur supeqiosed 
on the clay, or even on the siliceous incrustations. But these 
phenomena, which depend on the occuiTcnce of small quantities 
of sulphurous acid, sink into insignificance, or I might almost 
say, entirely vanish before the stupendous phenomena developed 
by the action of carbonic acid, sulphuretted hydrogen, and 
heated water, on the substance of the palagonite. In the 
mutual reaction of these four substances ore combined all the 
conditions required by nature to convert, in the course of cen- 
turies, simple boiling springs into geysers, whose clear, vapoury, 
and foaming columns of waters, shall buret from the summits of 
their self-created siliceous tuff-craters, either continuously, or at 
periods extending from a few minutes to hours, or days. These 
geysers anti the other alkaline siliceous springs of Iceland, do not 
evince that dreary character of wild devastation which is mani- 
fested by tlie fumeroles and eolfataras, with their boiling mud- 
pools and their steaming fields of sulphur. The eye rests 
rather with pleasure on the white ledges and stalactites, wliich 
riM DOW in the form of small conical craters, then in long 
farrows and vast basins, and again in round openings of tlic 
newt r^ular configuration. 
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It will l>e neceseaiT bere to pnuee n few moments for the i 
sideratioD of these incrustations. Their struclure is simple : 
easy of explanation. It will be seen from the comiioeitioa of 
the water of the jieyserB, ns given in a subsequent part of Ou» 
paper, iluit the silica \a dissolved in tlie water by alkaline cai^ 
bonatee and in the form of n hydrate. No trace of ellica is pre- 
cipitated on the cooling of the water, and it ia only after the 
evaporation of the latter that silica is dejiosiled in the form of 
a thin film on the tnoiatened sidea of the vessel where evapora- 
tion to dryness takes place, whilst the fluid itself ia not rendc3«d 
turbid by hydratcd silica until the process of concentration is 
far advanced. This apparently trivial circumstance is of the 
greatest importance in the formation of the geysers. It will be 
evident that the hoain of the spring, in which the constantly 
renewed water affords only a very small field for the process 
of evaporation, must remain free from siliceous formations, 
whilst the margins projecting beyond the level of the water, 
will readily become covered by a siliceous incrustation owing 
to the rapid and easy drying of the moisture attracted by a 
capillary force. Further on, where the water spreads it«elfj 
over the surface surrounding the spring, the incrustations In- 
crease in proportion as the surface of evaporation expands. A*J 
the basin of the spring has no part in this incrustation, it" 
becomes converted into a deep tube as it is gradually enclosed 
by a hillock of siliceous tuff, combining, when it has reached 
a certain height, all the requirements necessary to convert it^^ 
into a geyser. If such a tube be narrow and be filled witb^| 
tolerable rapidity by a column of water strongly heated from 
below by the volcanic soil, a continuous geyser must neces- 
sarily be produced, as we find them in so many parta of 
Iceland. For it will easily be understood that a spring, whichj 
originally did not possess a higlier temperature at its moutli| 
than that which would correspond to the pressure of the atmo*| 
sphere, may easily, when it has been surmounted by a tube,! 
formed by gradual incrustation, attain at its base a temperature] 
of upwards of 100° C, owing to the pressure of the fluid] 
resting in the tube. The mass of water rising in such a si>ring,] 
which is constantly renewed from below, and possessing in the! 
natural shaft of the spring a temperature of 100°, must imme-J 
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diately, on its escape from the mouth of the tube, experience a 

diminution of temperature corresponding to tJie diminished 

pressure of the atmosphere, by which tlie whole excess of heat 

iboTe 100° will be expended in the formation of vapour. The 

'water raised by the expansive force of these vapours, and 

mixed in a white foam, forces itself from the mouth of tlie 

■spring foaming and hissing in one continuous gush. Iceland 

I abounds in springs of this kind; although the Reykholter valley 

[presents, perhaps, the largest number to be found in any one 

Bpot. I shall not, however, enter into any more circumstnntial 

description of them, since the subject is only one of secondary 

interest. ^Vhen the geyser tube, formed by the process of 

^incrustation, b sufficiently wide to afford a considerable degree 

[of cooling to the water at its surface, and the jet which is 

^heated upwards of 100° C, falls but slowly back to the base 

Ipf the wide funnel, we find all the requirements necessary for 

converting the spring into a periodicnlly recurring geyser, 

which bursts suddenly forth by the action of the developed 

force of the vapour, and then forthwith falJs back to a state of 

long continued repose. The Great Geyser is the most remark- 

^ able of these springe, which have lieen regarded as natural 

^accumulators of the force of vapour. 

Immediately after an eruption, tlie water which fiUs the 
[tube to the height of 1 or 2 met., gradually rises during several 
bouts to the margin of the basin, whence it flows over the cone 
the form of a small cascade. 

It may easily be shown by experiment, that the column of 

[fluid filling the tube, is constantly being heated by water 

[entering it from below, whilst it experiences a constant cooling 

Vod evaporation above on the broad surface of the basin. 

Evaporation is likewise effected within the funnel itself by 

means of a current wliich rises and falls in its upper portion; 

driving a column of heated water up the centre of the funnel, 

it spreads iteelf over the surface of the basin towards the edges, 

and after the evaporation bos been completed flows bock to the 

[ {till n el. 

The direction of this current may be observed by throwing 

few shreds of paper into the middle of the basin of the 

eyser, as they will be driven to the margin of the upper 
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eurracc, and then again be earned back to the bottom of 
tube. 

The changes of temperature experienced by the different 
etrata of tlic column of water whc-n subjected to the alter- 
nately cooling and heating influence during the time interven- 
ing between the eruptions, have been made the eubjcct of a 
•erie^ of thermometricJil measurements, conducted conjointJy 
by M. Descloizeaux and myself at the Great Geyser. TTie 
following is a portion of the results obtained*; — 
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From these results it follows: 

1. That the temperature of the column of the geyser 
decreases from below upwards, as had already been shewn by 
Lottin and Robert. 

2. That, Betting aside small disturbances, the temperature 
goes on increasing regularly at all points of the column from 
the time of the lost eruption. 

3. That the temperature in the unmoved colimin of water 

• A full reporl of ihiae obsprvations u pveo hj SI. Deacloucaux, la tha 
Jnaata <fa Chin, tl it Pltft,, 3 s^rie, 1. xiz. 
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not, at nny period of time up to a few minutes before the 
it eruption, reach the boiling-point that correBponds to the 
atmospheric and aqucoua pressure at the point of observation. 

4. That it ie at mid-height in the funnel of the geyser where 
the temperature approaches nearest to the boiling-point corres- 
ponding to the pressure of the column of water, and that it 
approaches nearer to this point in proportion to the approxima- 
tion of the period of a great eruption. 

The curves of Plale IL, fig. 1, are a graphical exhibition of 
these relations. Curve 1 represents the temperatures at which 
the column of water would be brought into a state of ebullition 
throughout its whole length, the Irregular lines 2, 3, and 4, 
tho temperatures observed of the column of water at the 
respective periods of 10 minutes, of 5 hours, 31 minutes, and 
of 23 hours, 13 minutes, before a great eruption. 

If we now consider the period which iiomediately precedes 
an eruption, we shall find tliat only a very slight inipidse 
is necessary to bring a lai^c portion of the column of water 
suddenly into a state of ebullition, and, as we shall soon see, 
even to produce an eruption. Every cause that tends to raise 
this column of water only a few meters, must necessarily be 
attended by this result. If, for instance, we asaiune this 
elevation to be equal to 2", the column of fluid pressing on the 
point a (fig. 2) will be shortened by the height a(>. The 
temperature a of the stratum of water lying under a pressure 
dlniinished by a h is now about h c, or 1° higher than the 
corresponding boi]ing-[ioint of the water. This excess of 1° b 
iromediately expended in the formation of vapour, generating 
in the present case, as may be proved by an easy calculation, 
a stratum of vapour nearly equally high with the stratum of 
water l*" in height. By this diminution in the superincumbent 
water a new and deeper portion of the column of water is raised 
above the boiling-point; a new formation of vapour then takes 
place, which again occasions a shortening in the pressing liquid 
strata, and so on, until the boiling has descended from the 
middle to near the bottom of the funnel of the geyser, provided 

i always that no other circumstances have more siicedily put an 

' end to this process. 

It appears from these considerations that the column of 
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water in the funnel of the geyser extending to a certaui d»- 
laace below the niidtUe, is suddenly brought into a state of 
ebnllition, and further, as may be shown by an easy nietbod of 
computation, that the mechanical force developed by this sud- 
if established proceed of vaporization is more than sufficient 
HUM ihe huge mass of the waters of the geyaer to that 
Btounding elevation wluch imparta so grand and impo^ng a 
elisncter to these beautiful phenomena of cruptiou. The 
tmount of this force may easily be ascertained by calculating 
from the temperatures of the preceding experiments, and the 
latent and specific heat of the aqueous vapour, the height 
the column of vapour, which would be developed by the 
to the mouth of the geyser of a section of the column 
of water. If we desiguate the beigbt of such a column of water 
in the funnel of the geyser by A; its mean temperature 
in centedmal degrees by t; the latent heat of the 
joeoaa vapour by w; the density of the latter compared with 
it of the water by 5; and the co-efficient of expansion of the 
vapour by d; we cluUl End that the excess of heat of tbe water 
I above the boiling-point under the pret^aure of one atmosphere 
fit I— 100. Hut the height, A, of the section of the column 
of water, which at the mouth of the geyser, that la to say, 
under the pressure of one atmosphere, would be converted into 
vapour by the quantity of heat, (— 100, would be to the whole 
height of the water column, h, ae (I— 100): w. A oolumn of 

water of the height ' would therefore be evaporated 

at the mean temperature /, if the water were under the 
pressure of one atmosphere. Hence, it directly follows that 
the height, U, of the column of vapour sought at 100" and 
0" 76, will be 

^_ A(f-I00)(l + 100rf) 



u} i 



On applying this formula to the value of the numbers found 

, by cbservatioD, we obtain the remarkable result that, in the 

period of lime iiuuicdiutely preceding an eruption, a column 

of water only 12™ in length, which projects from 5" to ll* 

above the base of the tube, generates, for the diiigonal section 

the geyser, a column of vapour 636'° 8 in height (aaaumed 
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to be at 100°, and under ihe pressure of one atmoapUere). 

Tliia column beuig developed continuously from tlie upheaved 

mass of water, ns the lower strata reach the mouth of the 

geyser. The whole column of the geyser, reckoned from the 

point where its tempertiture nmounts to 100° C. down to the 

base, is capable, according to a calculation of this kind, of 

generating a eimilnr column of vapour, 1041™ in height*. 

We can easily understand the reason that this enormous force 

ould not he expended in one single jet of eruption, when 

remember that the jets of water erupted in the air are 

ntinually falling back into the tube of the geyaer, and 

temiptiug, at different momenta, the foi-co of the upheav- 

ig column of vapour, which is condenscJ in the cooled water 

it falls, until the temperature of the latter again reaches 

boiling-point, and has consequently regained the power of 

again propelled upwards. At tlie oame time the water 

ly be seen flowing from the basin back into the funnel, 

between the different separate ascents of the water. Occa- 

onally, the water even appears ae if it were forcibly drawn 

k. 

The condensation in (juestion, with the consequent rcstora- 
. t'lon of heat to the water of the geyaer, explains, at the same 
^_time, the fact of the great eruptions continuing frequently for 
^^h period of more than five minutes. 

^H We now see the causes to which the column of water owea the 
^■•light elevation wliieh imparts the first impulse to the eruption. 
L The greater portion of the Icelandic thermal springs exhibit 
^H^he peculiar but easily explained property of giving rise 
^^periodically, at certain points in the water of the thermal 
basins, to a number of large bubbles of vapour, which become 
suddenly condcjised on rising into an upper and cooler stratum. 
This invariably occasions a slight detonation, accompanied by 
s hemispherical elevation, and an instantaneously succeeding 
depression of the surface of the water. Even the Great Geyser 
characterised by a [Kriodic succession of these detonations 



I have assumed, for Uio sake of greater nimpUcily, that the t(>iiiponi,tnre 
' the wator in the tube of the geytet does not increase in a uaifomi curve, but 
io broVen l>De<. On the first oteiiniplion the calculation would, of courve, 
1 B Mmewhat higher cglumn of vaponr. 
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of TApour, beginning about four or five hours after s £™V 
eruption, and continuing, at intervals of from one to two ho<an,j 
until the next eruption; immediately preceding vrluch then 
occur in rapid succession and extreme violence. The cauE>el 
of the periodicity of these detonations admits of an easy e»-' 
plnnation; for it will be rca^y understood that when a 
stratum of water under the continuous influence of the heftt 
of the volcanic soil, is brought into ebullition in the coo* 
ducting channels of the tube of the geyser, and the Tapoor 
formed by its ascent into the higher and cooler maascs of wsiet 
is again condensed, the temperature of this boUing etrntum is 
BO far lowered by the formation of vapour, that it requires 
some length of time before it can be heated again to theJ 
boiling-point after the condensation of the vapoura that have . 
ascended in the water. The periodic elevation of the masses 
of water effected in the geyser by these means appears rarely 
to exceed 1 or 2 metres if we may judge by the average height 
of the mass of water which is forced from the mouth of tlioj 
tube in the form of a conical elevation. A glance at the 
gntpliic representation given in fig. 2 will, however, show 
that such an upheaval as this is insufficient to raiee any 
stratum of water to an elevation where it could be brought 
to a state of ebullition, (in consequence of the diminution oi^U 
pressure existing there,) until the mass of water would, hy^| 
gradual heating, be brought to the temperature of the broken 
line, 2; and such is actually observed to be the cose a few 
minutes before an eruption. All the other upheavals preceding 
this period would only be able to drive partially the lower 
heated masses of water by a sudden impulse into the upper 
part of the tube of the geyser, where these masses are brought 
into a state of ebuUition, owing to the diminution of the ^M 
pressure. These smaller eruptions may, therefore, be regarded ^^ 
aa abortive beginnings of the larger, being unable, to propagate 
themselves beyond a short distance from the point of origin of 
the vapour, from the low temperattire of the column of water. ^J 
On considering all the phenomena presented by the erup- ^| 
tions of the geysers, we cannot for a nioiuent doubt that the 
mEun seat of the mechanical force, by which the mass of water 
is iLrown up and converted into boiling foam, is actually 
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Bttusted in the funnel of the geyeer. Thia view is very Iteau- 
tifiiUy confirmed by observing the manner in which the water 
ia set into motion during an eruption. 

In order to obtain a clear knowledge of these internal pro- 
cesses, I "ye frequently eiink etooes weighing several hundred 
grammes, and marked by ditlerent hands, suspending them by 
thin threads at different depths in the geyser funnels fillet! 
with water. The only stones that were thrown from the 
spring to heights of upwai'ds of 100 feet proved to be those 
suspended near the surface, whilst those that had been sunk 
to greater depths never exhibited themselves. Stones weighing 
many kilogrammes, placed between the basin of the geyser 
were, however, carried back into the tube of the geyser with 
the mass of water returning Irom the basin in the intervals 
belween the separate jets, and these were again erupted. This 
fact, which may ap|tear strange at first sight, is in perfect 
harmony with the formation of the jets of eruption within the 
tube. The mixture of vapour and water, of which these spoutJ 
or ji;ts consist, must necessarily move with constantly increasing 
rapidity as the expansion and development of the vapour increase 
at the mouth of the geyser, so that the moving fluid may thus 
be able to carry with it, near the mouth of the basin, heavy 
objects which it would be unable to upheave at any greater 
depths. Such experiments clearly show, that we must regard 
the tube of the spring as the actual focus of the mecha- 
nical forces that maintain the action of these periodical erup- 
tions, and further, that whatever communication may exist 
by means of lateral ehanneU between this main thermal stratum 
and the heated masses of water within the ground, the water 
must still be able to develope considerable masses of vapour 
and convey them to tlie apparatus of eruption, owing to the 
diminution of pressure consequent on this phenomenon. A 
necessary result of these circumstances is, that the eruptions 
giun in force, in proportion as they lose in regularity of their 
intermission and duration. The co-operation of this secondary 
development of vapour is shown by the remarkable fact, that 
the epoutj of water move in a rotatory direction during great 
cniplioQs; a phenomenon that can only be explained by a 
luU'mi influx of vapour. The rotatory motion cannot certainly 



352 



P9ECDO-V0LCASIC PKENOUEKA 



be observed through tlie dense clouda of vapour that ea' 
the erupted tniusee of water, but 1 aceident*llj' tUscuvered 
in an experiment or'tgiaMy instituted with a view of measaring 
the pressure at the base of the g-.-yser column daring a great 
eruption, by meana of a amoll iiin.iiEuuui Riauometi.-r*f which 
was Buspendcd by a line in the middle of the spring, and ^unh 
very nearly to the bottom. A number of stoiie-a, wUifh I suak 
eUBpcoded to fine threads, thnt were secured at various porU 
of the circumference of the funnel, separated from the thread) 
witlioul being again erupted, however, with tlie water. The 
threads themselves, which were suspended round the circum- 
ference of the tube of the geyser, and parallel with the line 
a distance of 1"5 metres, were whirled into an inextricable 
round the line of the manometer, which could only ariae 
a gyratory motion in the column of water. Thia alio is 
doubtedly the cause of that tangential cxpnoEion of the watc^' 
epouta, by whicli they are frcqueuily spread far beyond lh« 
margin of the tuff-basin, imparting a form Xo the eniptios 
somewhat similar to the specjea of fire-work termed a bottqwrt 
defeu. 

On considering the conditions of the activity of tbeu 
eruptive springs, we shall scarcely be led to expect nay special 
regularity in the maguitude, duration, and succe^on of the 
eru]>tion3 and the detonations of vapourf- The supply of wal 
to the springa, whieli variea with the state of weather, and 
the evaponttion at tlie surface, which depends on the tempem- 
ture and intensity of the current* of air, must both be most 
intimately associated with the changing play of these ph 
nomcnnt. K the activity of the eruptions depends, as is su 
posed by those who live in the neighboiu'hood of the geysers. 




* Tliii experimeot proved ansncccssTuI in mvasuriiig the amount of prexmro^' 
although it enabled us to ilc^lenuinc tlio (Empernturo at the base of the geyser 
during the eruptioD. At Stroklcr 1 was, however, successful in currjiug out 
this experiment, but omit any detailed nrcouut of it, owing to the miuuta 
descriplioQ of Lhe apparstua employed, nliich would be uecewaiy. 

t I omit oil further aecouut of lliia subject, as M. Descloizeaiu haa gii'cii the 
Domcrical results of our combined observatians on the periodicity of these pho- 
Domena during oiu sojourn at the gajser fn^m llie 3rd to tbe 14th of Jul>'. 

t The lemperatuie of the water at the surface of the biuin of the ge\ 
varied, during the lime of tiio observations, from 7S° C m 89° C. 
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on meteorological influences, an investigution into these coii- 
<lItion3, although they are not aa yet established as tacts, and 
are unfortunately not within the scope of the researches of the 
passing traveller, would undoubtedly tend to confirm the theory 
whose principles I have attempted to develop. 

If we compare this theory with the old hypothesis of the 
geysers, we can scarcely comprehend how the latter could 
maintain so long a plara iu the domain of science, since it ia 
impossible to disregard the evidence contradicting it, furuishod 
by the facts obaervcd at every eruption. Tlie idea involved 
in this liypothesis of subterranean cauldrons of vapour, sup- 
posed to be alternately filled with vapour and with water, ia 
totally irreconcilable with the simple observation, that the 
massea of water propelled during the eruption beyond the 
margin of the basin, coirespond perfectly with the depression 
of level that immediately follows, aud, consequently, the sup- 
posed retreat of the water into an imaginary Bubtcrranean caul- 
dron of vapour can have no reality. It would seem almost 
superfluous to mention another circimietance whicli sliowa the 
utter fallacy of this hypothesis, if it were not to prove more 
fiillVj that the lower part of the gevser frequently takes no part 
in the violent commotion manifested during an eruption at its 
upper portion. I have succeeded, during an eruption that 
attained a height of upwards of 43-3 nieircs, in keeping a 
thermonietrograph uninjured in the lower part of the geyser 
tube by a manometer, and observing by this means, imme- 
diately before the eruption, a temperature lower by 9° C than 
that which would correspond with the boiling-point at thia 
spot. An observation thai would involve an absolute absurd- 
ity, if, in accordance with the old hypothesis, we assume the 
eruption to be occasioned by boiling water being forced into 
the lube of the geyser from the depths below it. 

The Strokkr, the greatest source of eruption in Iceland, 
next to the Geyser, is only a few hundred paces distant from it. 
The form of this spring presents peculiarities which must exer- 
cise a special influence on its mechanical results. Fig. 3, 
Plate II., gives a sectioii of the tube of this spring ae obae^^■ed 
by the soundings instituted by M. Descloizeaux and myself. 
The tube ia only 13"'55 in depth, and not cylindrical as in the 
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of the Great Geyser, but rather ftinnel-ehKped, so 
the diameter at the mouth U 2<^, irliilst it is only 0"S6 
■ depth of 8"3. The water, which riBe» to about 3», or 
from the mouth, has no means of esc^ie, and is only ei 
by tlie action of the eruption. As the oolonin of iraler aooe»d 
aible to the eouoding line id in a oonstact etate of rioIcDt 
ehiillilion, the different temperatures must remiun constant.^ 
and correspond with the pressure upon each stratam. In the 
following measurements, which were made by iL Deseloizeaai 
and myself with every care and precaution, the time intert'eniiig 
Biuoe the Last eruption has not been taken into account. 
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From the^ experiments it follows: — 

1. That the boiling-point of the strata of water in the 
upper and broader portion of the tube of the Strokkr corre- 
sponds precisely, as is required by the theory already developed>^ 
with the pressure acting on it. ^M 

2. That in the lower and narrower part of the tube, from 
the bottom to a height of 4'"6, the temperature remains thC] 
same (excepting very small oscillations). 

3. That the temperature, amounting to 114" C, whiclll 
remfuDs invariable over a epoce of about 4'°6, corresponds tol 
the boiling-point of a mass of water under a pressure of 
column of water IS^S in height. 

4. That, if we assume the lower and narrower part of th« . 
the channel to be filled with vapour to a height of 4'°65, as 
was the case at the time these measurements of tlie pressure 
were made, the weight of water acting on this vapour will 
actually amount to about le^S, or, at any rate, IS^S. 

5. That during an eruption ranging to a Leight of 48-7 
the temperature at the bottom of the narrow canal rose 
115' C. 
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We cannot, therefore, doubt, that the lower and narrower 
part of the funnel of the Strokkr is filled by a column of 
eteam, which regulates the uniform temperature of tliia part 
&t different elevations, whilst the water, upheaved into the 
upper part of the funnel by the force of this vapour, is con- 
stantly kept in a state of ebullition. 

The sent of the activity by whjcli the great periodic erup- 
tions are regulated, must be situated at depths inaccessible to 
direct esiierimcnt. This may easily be conjectured fi-om the 
fact, that if tlie passage for the vapour be filled up with stones 
and earth, an eruption takes place from 20 to 30 minutes after- 
wards, by which all the impediments to the passage are 
eJipclled, accompanied by jets of muddy water, and when these 
have been wholly erupted, spouts of clear water are ejected, 
which not nnfrequcntly measure upwards of 57 met. in height. 
It will be easily underetood, that ihesc eruptions breaking forth 
from that part of the steam chanuel which is alone accessible 
to our measurements, might be brought into a state of periodical 
activity, by a process similar to the mechanism of the Geyser. 

Besides these periodic jets, whose prototype must be sought 
in the Great Geyser, and in the Strokkr Geyser, there is 
another species of intermittent thermal springs, whose activity 
is not manifested by the sudden occurrence of subterranean 
detonations of vapour, and whose eruptions arc not charac- 
terised by sudden and rapid expulsions of boiling water. The 
I.illi Gri/urr (Little Geyser) which belongs to the thermal gi-oup 
of Reykir, furnit^hes one of the most remarkable examples of 
the a{>ccics. This spring rises in a palngonitc rock, and is the 
highest but one toward the north-eaatem mountain wall, at the 
foot of which rest the extensive siliceous tuff deposits of 
Reykir. A conical tuff elevation is here observed, whose small 
thermal crater is enclosed by stones. The boiling spout shoots 
fortli periodically from among these stones, wliich are frequently 
not Covered with the water, and exhibit, moreover, a very iiicon- 
Bldeniblc development of aqueous vapour. The eruptions were 
repented very regularly at intervals of 3" 45" on the 24tli 
and 25th of June. 1S46, when I hail the opportunity of 
obsfTving the spring; the main eruption which occurred 
between 9 and 10 each morning, far eurpas»ed the others in 
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magnitudL' and beauty. The Approach of on eruption is made 
known by a gradual increase in the development of gas, and by 
a aultterranean splaaliing suund. Boiling foam bursts fort h i 
with the vapours, aud continues to rise and fall at slow inter^H 
vaU, until at length, after about 10 minuter, when the eruplioi^^ 
has attained its maximum intensity, it rises in vertieally and 
laterally spouting jets to a height of 30 or 40 feet. The water- 
ppoutfl then decrease in height and circumference with the some 
gradations that marked their development, until the spring, 
at the end of about 10 minutes, returns to its former repose. 
This phenomenon is certainly inferior in magnitude to that of 
the eruptions of the Great Geyser in which a jet of hoiUng 
water, upwards of 28 feet in circumference, and 100 feet In 
height, sends its far projecting point of foam against the dear 
sky— but in beauty it is scarcely inferior to its colossal rival.^i 
The deafening hissing and roaring that accompany the eruptiol^^ 
of the jets of water from the crater of the springs, in wliich one 
may distinctly hear the rushing of the masses of water, which 
fall down in torrents and are beaten to foam by the force of 1 
vapoui-s — the dazzling rainbows, which arc formed with varying" 
brilliancy from the reflection of the solar rays amid the pearly^j 
drops of the rushing cascades, and as rapidly disappear beneatl^H 
the overwhelming moss of vapours — the dense and spherical 
▼apoury clouds, which rising from the waterspouts, are made 
the sport of the winds as they stand forth in bold relief from 
the dark wall of rock behind them — the faint halo round tJie 
head of the colossal shadow which the traveller sees fiittir 
across the clouds, and which, invisible to his companions, 
Been by him alone. All these combine to excite in the mind 
the traveller an indescribable impression of sublime grandeur. 

We shall readily perceive that this spring cannot be main- 
lined in a state of activity by the same causes that give rise to 
the eruption of the Great Geyser, if we consider the duration of 
its eruptions, their slow but regular increesc aud decrease, and 
the great regularity of their periodicity. All these phenomena 
appear, on the contrary, to be in perfect harmony with the 
hypothesis first advanced by Mackenzie, and since more widely 
extended by many others, regarding the existence of n sub- 
terranean cauldron or focus of vapour, which, aa I have ende 
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Toured, I hope successfully to ehow, lias been very JncoiTecily 
used in explanation of the eruptions of the Great Geyser. 
This hypothesis would appear to be iipplicable to the Little 
Geyser and the great number of similar springs found in Ice- 
As, however, it would be foreign to the object of the 
t memoir to enter into the consideration of views, which 
muBt be assumed are alreridy known to the reader, and the 
importance of which will not be allowed until they can be 
oved by direct experiment, I will turn at once to another 
form of siliceous springn, which designate, as it were, the last 
itage of these formations. 

I have already shown how the iucrusting thermal springs of 

igh temperature provide themselves in the course of centuries 

ith a geyser apparatus, and thus necessarily pass into the con- 

tion of a continuous and intermittent source of eruption. 

'he history of the devokipment of these phenomena is not, 

wever, terminated by this occurrence. The formations of 

iceous tuff advance continually, until the nppamtus of the 

yser and the surrounding ground attain a height that must 

t an end to the eruptive activity of the spring, owing to the 

lange effected in the relation of the height of the column of 

water and the heat evolved from the ground. As soon as the 

supply of heat from below, and the cooling at the surface, are eo 

fiu' in equilibrium, that the temperature of the maes of water is 

t anywhere able to reach the boiling-point, the action of the 

iring ceases spontaneously. Large reservoirs of tuff filled 

with hot stagnating or running water are then formed, whose 

<tb and configuration depend upon the accidental condition 

the margins, stalactitic formations, and the sinking in of 

the surface; all of which again depend to a great extent on the 

masses of palagonite that are continually brought to the surface 

ID the form of soluble salts and silica by the water from sub- 

nean depths. 

Where such springs broke forth from deep points, they 

ily disappear from their original positions, owing to the 

t increase of the hydrostatic pressure to wlucli they are 

Bubjcct, or only exhibit traces of their former activity in the 

disintegrated cavities of their vast siliceous tuff dcpoelta, in 

ieh thermal activity is nearly, or wholly extinct. Among 
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the many itistancea that might be itd\'MiCMl in itloEtralion vt 
Bucb cimugca, I will oiily uientioo the district ot" the Gtcat 
Geyser. 

The vast deposits of siliceous tuff with scarcely s trace 
hot spriugs, which skirt the heights of ihe Bjunial'ell, uii 
onte an earlier condition of this etupeodous ihenuul activii 
tltat must have passed through the last period of developmi 
cbaractc rising these phenomeua before they wholly disappear 
from the eccne of their activity. Further downwards, but above 
the thermal region which is now in full activity, there are 
several reservoirs filled with hot water, in the deptha of which 
the older geyser mouths may still be eeen through the con- 
tinually increasing deposits of silica which have accumulated 
in the course of ages. These springs, which recur in many 
parts of Iceland, and are especially remarkable at Reykir, 
are characterised by extreme beauty. In the deptha of 
clear nnruftle<l blue w.iters of these basins, from which 
a liglit va[H>ur, the dark outlines of what once formed the 
mouth of a geyser may be faintly traced amid the fantastic 
forms of the white stalactite walls. Nowhere can the beau- 
titiil greenish blue tint of water be seen in greater purity than 
in these springs. 

A few remarks on the causes from which they are deriV' 
will hardly be superfluous. 

Chemically pure water is not colourless, as is usually sup- 
posed, but naturally possesses a pure bluish tint, which is only 
rendered visible to the eye when the light penetrates through 
a sti-atum of water of considerable depth. That such is ihe 
fact may easily be shown by taking a glass tube, 2 inches wide, 
and 2 metres long, which has been blackened internally wit 
lamp-black and wax to within half an Inch of the end, the 
latter being closed by a cork. Throw a few piecca of white, 
porcelain into this tube, which, after being filled with chemi- 
cally pure water, mudt be set vertically on a while plate, aU' 
looking through the column of water (of two metres) at th' 
pieces of porcelain, which can only be illumined from below by 
white light, we shall observe that the objects will, under these 
circumstances, acquire a pure blue tint, the iuteueity of which 
will diminish in proportion aa the column of water ia shortened. 
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I that the ehside uf colour becomes at length too faint to be 
jrceiyed. ThU blue coloration may also be reeogniaed when 
white object ia illuminated through the coluiuo of water by 
Biinright, and sccu at the bottom of the tube through a small 
lateral opening in the black coating. The blue t"mt so fre- 
uently observed in water cannot, therefore, be regarded as in 
tiny way strange. The queation ratber ariacs, why this blue colour 
IB not seen everywhere, and why it should not occur in many 
seas? why, for instance, the lakes of Switzerland, the waters of 
the geysers in Iceland, and in the South Sea Islands, should 
exhibit every shade of gieen, whilst the waters of the Medi- 
terranean and Adriatic are occasionally of so deep a blue aa 
to vie with indigo? These questions are easily answered, since 
clearness and depth are the primary if not the sole require- 
ments for imparting to water its natural colour. Where these 
fail, tbc blue tint will likewise be wanting. The smallest 
quantity of coloured elements which the water may take 

I from the sand or mud of its bottom, the smallest quantity of 
Iiumus held in solution, the reflection of a dark and strongly 
Coloured bottom, are all sufficient to disguise or alter the colour 
of water. It la well known, that the yellowish red colour of 
the waters which traverse the lower group of the trias form- 
fttions depends upon hydrated oxide of iron, contiuned in the 
I mud of the variegated sandstone. From a similar cause, the 
^ftraat glacier streams of Iceknd, which, in these desolate 
^^^gions where there are neither roads nor bridges, the traveller 
finds, to his discomfort, tliat he must ford — are rendere<l opaque 
d mllk-wliite from the detritus of dark volcanic rocks, 
'lucb, crushed into a white powder by the overwhelming 
of the descending glaciers, are carried to the sea, in 
form of white mud and sand, and again deposited there in 
dcltns. 
In like manner, the natural colour of the small lakes in the 
marshy districts of Northern Germany is concealed by the 
block tint imparted by the dissolved humus derived from the 
turf. These waters often appear brownish or black, like the 
water in most of the craters of the Eifel and Auvergiie, where 
the sombre volcanic rocks obstruct the reflection of the inciilent 
ht. It will, therefore, eaeUy lie understood that it is only 
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wliprv these disturbing mfluencea do not exist tliat the ool 
til' the water will be ecen in all ita b^ii^nty. Amongst tlie 
jiUrea at wluch this requirement is most completely fulfilledf 
wc may cfipefiaflj instance the Bhie Grotto at Capri, in the 
Gulf of Xjiples, Tlie eea ts there most remarkaWj cleat to a 
very great depth, eo that the omallest objects may be dietlnctl; 
Bct-n un the light bottom at a dc|ith of several hundred feet- 
All the light that enters tlie grt>tto, (he entrance of which » 
only A few feet above the level uf the aea, in the prectpitoiM 
rock optning upon the eurfat-e of the water, must penetrate 
the whole depth of the eea, probably several hundred feet, 
before it can be reflected into the grotto trom the clear bottom. 
The light aetjuirea, by these means, so deep a blue colonition 
from the \ast strata of water through which it has poaeed, 
(hat the dark walls of the cavern are illumined by a pun 
blue radiance, and the most difl'ereutly coloured objects bcIow 
the surface of the water are made to appear bright blue. 

An equally remarkable example of thia fact presents ilsdf 
in the glaciers of Iceland as well aa in those of Switzerland, 
which shows that water does not lose its original colour even 
when in a solid condition. At the distance of many miles, the 
eye may distinguish) on the flat heights of the " Jokull," the 
boundaries that acjiarate the bluish ice of the glaciers from 
the white inaccessible plains of snow tliat nse to the summit 
of these mountains. On a clotwr examination of these glaciers, 
one is surprised to obaene ihe [lurity and transj^arency of the 
ice, which often appears to be wJiolIy free in large masses from 
vesicles of air and foreign admixtures, whilst its vast fissures 
and ca^'ities are coloured all shades, from the lightest to the 
darkest blue, according to the thickness of the strata through 
which the light has penetrated. 

The blue tint of the cloudless and vapoury atmosphere is 
probably dependent on similar phenomena, if we are justified 
ill concluding, from the colour of solid and fluid water, that 
srjueous vapour has a similar colour. On considering all these 
facts, we can scarcely doubt for a moment that the blue colour 
of water is a pccidiar and not accidental characteristic of that 
substance. This natural colour of water will also afford us an 
easy explanation of a light green tint which is eveu mora 
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BtrODgly manifested m the crjetal-Uke sillceoiiB Bprbigs of 
Icelaod than in the lakea of Switzerland; for the yellow colour 
derived from traces of hydratcd oxide of iron, in the siliceous 
sinter walls surrounding the water, blende with the original blue 
to prmiuce the same prcenish tint, which, in the Swiss lakes, is 
derived from the yellow bottom; — the moat difterent rocks 
ejtjteriencing a superficial decomposition from the continued 
action of water, and becoming tinged with yellow by the for- 
mation of hvdrated oxide of iron. Hence it will be easily 
conceived that the blue, which continues to increase in intensity 
with the increased depth of the strata of water, may obliterate 
the action of this yellow reflection, and thus cither weaken, or 
wholly destroy, this greenish tint. The green grotto on the 
shores of Capri aftbrda a most striking proof of this fact. The 
green colour, which is produced by the reflection, at an in- 
considerable depth of water, from the yellowish limestone con- 
stitutin<r the bottom and the walls of the grotto, illuminated by 
the light from without, wholly disappears in the enormous 
depths of the water of the blue grotto; there a pure blue 
colour lakes the place of the green, observed in the shallower 
cavern, although the water and rocks are the same in both cases. 

We have already shown, that these eiticeoue thermal 
qninga, having so high a temperature, combine all the require- 
ments neceaeary for passing through the various phases which 
diaracterize geyser formations. In order, therefore, fully to 
understand these phenomena it only remains to revert to the 
origin and the mode of formation of the alkaline siliceous 
epringg, to which the deposits of siliceous tuff owe their origin. 
It will be necessary to start from some definite point, and I 
will, therefore, make choice of the water of the Great Geyser, 
whose composition corresponds in every essentia] point with that 
of all the other siliceous tuff springs of Iceland. 

The analysis was miide in my own laboratory by Dr. Sand- 
berger, from a s]iecimen which I took from the basin of the 
gtyeor immediately after an cniplion in the beginning of July, 
1846. As Dr. Sandberger will himself gi\o a more detailed 
account of his exjicriments, I will limit myself to a mention 
of the results of his analysis, the accuracy of which I had 
wvcrnl opportunities of testing. I subjoin the analysis lately 
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In a letter to Berzclius, dated 3rd of Norember, 1846, and 
which lias been partly published in the German Joiiroak, I 
have given a short notice of the re^ultf of my e:[periiiicais anil 
observations on the origin of tlie Icelandic thermal springs, 
from which I make the following extract: 

" An investigation of the phcDomena of the springs at the 
place of their origin readily leads the ol^s«r^'er to the conviction, 
that the same chemical activity, by which the »!ene of these 
Gtupendons natural phenomena is characterised, must have 
played an important part in the formative process of older 
roclis. As a genenJ fact it may be admitted that none of 
the rocks of which the island is formed, rceiits the decom- 
posing action of tie thermal waters. Wherever these waters 
break forth, whether in a li()uid or vaporous form, whether 
in the moet ancient structures of the island, as in polagouita 
tuff, or in cliukatone and trachyte, the next in order of suc- 
cession, — in the older trap) which has been tlirown out in v«ns 
after the clinkstone period, and has spread through the txtff, 
forming ysH strata, — in the ba^tic eruptions which followed 
the last-named period, — or, finally, to the most recent lava 

* The unmoaiB wu ob(aja«d by adding ivcenllj b«at«d hTdrateof potatli. 
and diodlluig tho water into a receiver ooaduulng hydrocliloric ucid : the last 
having prprioiuly be«n parifird from all admixliir^ witli tunmoniai bj' being 
dtsiiUpd wiib chloride of platiouni. The jioTliou of wuet aiiatfs«<l wm 
brvugUl bvta Iceland in a gbsi tub« benneticaUjr ricarf 
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eruptions, a decompoeition may everywhere be observed, which, 
agreeing in its fiindamentiJ type, has probably, under the co- 
opemtion of secondnry ioflueuces, given rise to all the various 
products which are found in the craters of Hecla and Kraffa, aa 
well as in the vicinity of the Great Geyser and the dlflerent 
Buffiones. 

" The different siliceous compounds formed at the bottom of 
the springs aic converted by tlie action of the thermal water 
into acid and basic s'dicates. The former arc disaulved by the 
water, wbUst the latter constitute an insoluble stratum of clay, 
whose gradual transition into the original rock may be clearly 
traced at certain points, but more especially at the confinea of 
the fumerole activity. The diatribiUiou and size of these 
secondary argillaceous strata stand in ilirect relation to tho 
magnitude of the thermal phenomena, and wilh the tem- 
perature of the water, which, at a considerable depth, is not 
unfrequently upwards of 100° C. The sobibic silicates which 
proceed from these fissures are brought to the surface with the 
thermal water, giving rise, where it is left to evaporate freely 
to the formation of siliceous sinters and opals. 

*' Two gases, namely, sulphuretted hydrogen and sulphurous 
add, occur together with sulphur, as the important accom- 
paniments of these vapour and boiling springs; and impart a 
eomewliat difl'erent character to these simple processes, by 
calling forth a. series of secondary products." 

Subsequently to the period when the above was written, 
M. Damour has made known (in the Annates de Chimte el de 
Phj/sir/ue, 1847,) that heated mesotype is partially dissolved 
by boiling water, silicate of soda being formed: and he thus 
furnishes us with a very interesting addition to the above 
remarks. Amongst the rocks which I have indicated as subject 
to this decomposition, palagonitc occupies the principal place. 
The geognostic relutions of the Great Geyser (the largest 
»ource of BihceouB tuff in Iceland), which lies at the foot of on 
erupted trachytic clinkstone, appear to indicate the cxiBtcnce 
of a speciid connexion between tliese rocks and the sUiceous 
tuff deposits, and such has been supposed by Damour to bo 
tlic caac, but, independently of the c ire urns tun ccs, that other 
Kprings of this kind, as those lying on the north-west of IIgcIa 
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at the foot or the Rondakambn, etanding tn precisely 
reUtiona to the clinkatoDe, are br no nieaoa cbaracteroed hy 
their wUceous luff fonoations, it luar l>e also determiood with 
certainty from tlio seconder}' decoiii]>oeJtiana of the bottom o( 
the spring, that it consists of jmli^oaite tuff, which exercises 
the most c^^ntial influence on the formation of the- geysere. 

In order to show the truth of lhc% fncl&, it will tio neoe*- 
Bary to enter Mmuwhat more fully into the consideration of the 
dccom pillions experienced in palngonitc by the action of hot 
water, carbonic acid, and sulfihurettcJ hydrogen. On digestiug 
pulverised pnlagonite in a strong and cloeely corked glass Teael 
with distilled water for some hiiurs, at a heal of 100° or 106' C^ 
Bilioic acid, potash, and soda are dissolved. tOUO grammes of 
water after 12 hours' digestion yield, in this nianiier, a eolation 
containing tlic following proportions: — 



8ilica ., 
8od> .... 
Potash .... 



0-03718 

o-onsM 

0-001R3 




a-onm gnxa. 
On allowing water, saturated with carbonic acid, to act on 
the pulverised mineral, all the consliluents, with the exception 
of alumina and oxide of iron, will be dissolved in the form of 
bi-carbonatc6, 1000 gramme* of this water, af^er four bonn' 
digestion, yielded the following constituents: — 



Silic* 


.... 009544 


Bi-cnrbonale of lime 


.... 0ir893 


„ Riogoesia 


.... o*oa;i33 


•«Hla 


..^ 0-06299 


y pOtHh 


.... O-OOIW 



0-38208 grain. 
On heating pulverised palagonitc in a similar manner, 
ten hours, in water saturated with sulphuretted hydrogen, 
sulphide of iron was formed, and the solution contained, for i 
1000 grammes, the following constituents: — 

Biliw 0'117S 

SulphJde of ealcium 0-3748 

, magnesiniii 0-07^7 

„ BOdium 00438 

. potjusium .... .... ... 0<M10 



0-MB8 gram. 
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We see from tLe relations exiatiug auiong these ealta them- 
ilves and with the E^ilica, that the constituents of pnltigonile 
take very different parts in the decompositiou which is induced 
hot water, carbonic acid, and sulphuretted hydrogen respec- 
tively; whilst, na wc have already seen, this mineral is cnliri-ly 
dissolved in hydrochloric and sulphurous acids, except a small 
aantity of silica left as a residue. The alkaline siliceous springs, 
in which there is a smaller quantity of tlus volcanic gas, assume, 
c^tnscquently, a very diftbrem character from (he waters of the 
euffiones; since it is evident, that the composition of the water, 
and the nature of the argillaceous deposits produced from these 
actions, must stand Ju a definite relation to the greater or 
laller reslstauce opposed by the separate constiluenis of pala- 
gonite to the action of the weaker volcanic acids, that is to 
Bay, to the water, carbonic acid, and sulphuretted hydrogen 
gaa. I must reserve the further development of the relation in 
hich the clay of the geyser stands to the constituents of tho 
ater of the geyser; since the necessary data can only be 
ittiuned by an examination of the residuary matters left by 
nilc, after the long-continued action of water, carbonic 
and sulphuretted hydrogen. 
I think I may, however, pass over the last relations, since 
the results ah^tady obtained by a decomposition of palagonitc are 
eullicient to give an explanation of those processes, to which the 
eonstilucnta of the alkaline siliceous springs owe their origin; 
and which, moreover, manifest themselves as the original causes 
of all the phenomena presented in the different piloses of the 
development of geyser formations. 

When the alkaline silicates, removed by the heated water 
from the palagonitc, arc brought into contact with carbonic, 
hydrochloric, and sulphurous acids, (the hitter of which is 
formed by the oxidation of the sulphurous acid through the 
oxide of iron in the palagonitc,) these alkalies must l>c converted 
into carbonates, sulphates, and chlorides, whilst the silicic ncid 
remains dissolved in the nlkalioe carbonates and in the water, 
»nd is partially separated from them, by cvaporatiou, as siliceous 
tuif, — a fact already observed by Black, iu 1792. 

The action of the carbonic acid ta not, however, lunited to 
the alkalies taken up by the water, hut is directly extended, 




36fi 



PSEDDO-VOLCANIC PHENOMENA 



rst 

'I 







AS may be Been in our second analysis, to the substance of tbe; 
palagonite, since it not only gives rise to a solution of silica 
in water and nlkalinc carlwnatea, but also fonns aciil carbonatee 
of magnesia and Ume. The fact that only traces of the first 
named of these eartlie are found in the geyser water, may 
easily explained from the circumstance, that the acid carbona 
of lime is decomposed by boiling into carbonic acid and 
insoluble neutral salt, or is decomposed in the same manner 
by the alkaline silicates, whilst an alkaline carbonate is formed. 
Magnesian salts, on the other hand, whose solution, when ve 
much diluted, undergoes, as is well known, only an incomplete! 
precipitation, must, therefore, in accordance with the onalysis^l 
occur in traces in the water of the geysers. 

The products of sulphuretted hydrogen on palagonite, whidi, 
as I have before observed, furnish the key to an explanation of 
the formation of pyrites in the clay of the geysers and fume- 
rolea, e-^perience a similar decomposition by carbonic acid. 
Sulphuretted hydrogen, which is never absent from the thermal 
limits of the geysers, escapes as a gas, whilst carbonate of lime 
and, to a certiun degree, carbonate of magnesia are precipitated. 
The ultimate product of these reactions is silicic acid dissolved 
in water and alkaline carbonates, to which alkaline sulphides, aa 
the constant accompaniments of these siliceous springs, are 
added, when the carbonic acid forms a less strongly cliaractei^ 
ised constituent. We here meet witli a simple esplanation of 
the origin of siliceous sinters. 

The relation of the potash to the soda in the geyser water 
is totally different from that which exists in palagonite. The 
quantity of tlie former is most strikingly inferior to that of 
the latter in almost all these waters. Although, in tlie above 
analysis, the quantity of the constituents sought is too small, 
and the duration of the decomposition of palagonite much too 
short, to lead to an accurate determination of the relation of 
the bases to silicic acid, we yet can find that the soda is 
dissolved from palagonite by pure water, or carbonic acid, in a 
much larger proportion than the potash; and even in o much ^J 
larger relation, by the carbonic acid, than corresponds to the H| 
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understand that when the three 
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laneoualj exercising a decomposing influence, these alkalies 
may easily be difleolved to the relative extent in wliich they 
occur in the waters of the geyser. 

I have already remarked that all the volcanic rocks of 
Iceland experience, under the influence of water and volcanic 
gost'^, a similar although much slower decomposition than pala^ 
gonite. This ia most etrlkingly observed in the volcanic incor- 
porations of the palagonite tuff, which are gnidually, although 
slowly and with difliculty affected by the decomposing action 
of the fumerolea. On comparing tlie quantity of the argil- 
laceous layer produced by the decom[iosition of the palagonite 
tuff with the extent of the contiguous siliceous tuff formations, 
it will be evdent that they stand in a mutually controlling 
relation to one another, and that it is csjiecially palagonite 
wliieh constitutes the peculiarity of Icelandic thermal pheno- 
mena. I think, I may even venture to osscrtt that geyser and 
siliceous tuff springs {all other conditions being the aimc) are 
connected with the occurrence of palagonite tufti or with struc- 
tures similar to pal^onite. 

If I may be permitted, I will conclude the present memoir 
(in which I have collected some of the data of a larger work on 
which I am at present engaged) by extracting a few general 
considerations from the letter to Berzelius to which I have 
already alluded. 

A careful study of the actions of funieroles, as it may be 
observed on so large a scale in the fissures which mointiun 
the connexion existing between the locus of volcanic forces 
and atmospheric phenomena in Iceland, leads us imperceptibly 
back to the theatre of that great volcanic catastrophe, by which 
the trap was ujiheaved through the tuff and clinkstone rocka, 
and distributed in vast strata tlirough them. 

I will here only speak of a few facts which may be classed 
Amongst the most common in Iceland. Where the clinkstone 
and older trap break through the tuff, and still more, where the 
older trap penetrates in veins through the clinkstone, the pene- 
trated rock exhibits a fused and disintegrated appearance, by 
which it a^umcs characteristics resembling tJiose of obsidian or 
pitch-stone. On tnicing the horizontal strata which have been 
.erupted from these veins, at their i>ointa of contact with the 
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taft we MMD low Bigbt of all sppcAnnee of fomoa 
at fir& On examining Uie tuff more carefiilly, we s 
to fsooTer thai the Diaiu bodjr of it U oompoe«d of an only 
fonble hrdnted nlxMe. which Las preferred its ori^naJ < 
raeter uwl ite Bonnal proportioo of water, notwitbetandti^ it 
tiome£ate oontact with vast strata of tnp which hare 
tnted tD a glowing and fused condition. Still more ""g"*"- 
•K the innumerable vericular cavities in the am^E^dalmd alter- 
natiog with the tuff and trap, which are lined and not u&fre- 
qoently completely filled np with qunrtZr chalcedony, calo-^v, 
zeolites and other h)rdrated silicates 

How could these hydrated compounds have arideo from 
platonic mineral maeaea, doeely invested by g^wig hot trapi 
or how could they be preserved unchanged? 

Thc^e quesliona arc explained by the phenomena of the 
present active fumerolea. So porous a structure aa tuff mil 
necessarily be penetrated by moisture throughout its entir 
mass, anil thiiii be filled with strata and currents of water, ' 
which inust have given rise to the phenomena, which appear 
at fir^t ei^ht so inexplicable, since the great catastrophe of 
the ek-vKtion of trap wtis of a subsequent date. Where the 
hot fluid trap came in contuct with on incon^derable cooling 
surface, as at the mouth of the vein, the water has yielded and 
been expelled by the action of the constantly renewed stream 
of fire, which would then prove more than sufficient to fiise 
the anhydrous rock. On the other himd, where the fluid rock 
spread out from these veins in far extenfied horizontal etrula, 
and penetrated through the upheaved tuff, the further develop- H 
ment of the igneous action on the surrounding rock must have 
been arresteil by the increawd pro<iuctioD of aqueous vapour; 
the great specific heat of the water and the considerable latent 
heflt of its vapour, making a greater elevation of temperature 
impossible in the tuff strata. The magnitude and extent of 
these igneous actions, at considerable distances from the veins, 
aland in a direct relation to the preponderance of the trap strata 
over the tuS' deposits. 

If thb view be correct, the fumerole actions, which are 
owing to the vast development of aqueous vapour, must neoes- 
aaiily be found to occur in the tuff and trap maasee which 
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Berved ns a focus for their activity, Appearancea fully corrobo- 
rale tht-ae views. For the aniygdaloid which is so rich in 
hydratcd siUcatcf, and alternates witli tuft' and li-a]), preseata 
B faithful picture of the phenomena of decomposition wliich may 
still bo met with in full activity in the Icelandic suHiones and 
thermal springs. In these vast amygdaloid rocke, which present 
the miDernlogiat with one of the richest and most interesting 
sources of mineral species, we may easily recognise the origin of 
the metamorphosis of the rock, which occurs at the points of 
contact between the trap and the tuff strata. Their principal 
mass consists of a ferruginous or siliceous clay, which occurs as 
a product of fiimcroles atiU active, and after passing through 
innmnerahlo- phases of decomposition merges into the perfectly 
undecoroposeil strata of both these species of rock. Pyritee, 
cbaleedonous quartz, and opal, which are so characteristic of 
fumerole structures, are scarcelj' ever absent, whilst everything 
justiBes the assumption, that this remarkable penetration of 
aqueous and plutonic formations is to be ojjcribed to a great 
manifestation of fumerole activity wliich has immediately fol- 
lowed the catastrophe of eruption; the original rock being 
converted into aluminous amygdaloid, by a separation of its con- 
stituents, into soluble and insoluble silicates, in a manner analo- 
gous to what may still be observed. By these means, the plastic 
clay might easily be filled, through the agency of vajiours and 
gases, with those innumerable vesicular cavities in which (lie 
products of crystallization of the soluble silicates which pene- 
trate the clay are traced as supplementary constituent parts. 
Whether I shall succeed with the material:^ at my command in 
explaining the local comlitions, on which the formation of ilic 
various silicates depends, is a question that can only be decided 
by an experimental investigation, at the place and focus of the 
phenomena treated of in these observations. 

The relations of superposition of the Doubly refracting 
IceUnd spar, which have been so carefully investigated by M. 
Descloizcaux, and which appear so inexplicable on a first exami- 
natjon, can easily be explained by considering the fumerole ariioiKt 
from the above point of view. In like manner all the dlfTRiihics 
attending the explanation of the recent and unexpected discovery 
of the occurrence of petrified infusoria^ in the dcoomposing crust 
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of Tolcaoic rocks, may easiljr be expluned when we ctmnder 
that the mass of such etructuree, converted hj fumerole action 
into clay at its surface, aod then onbaeqnentlj solidified bjr 
the infiltration of soluble silicates, might easily- contun within 
itself the conditions neoeasary for the preeerration of the micro- 
scopic organisms, whose petrified renuuns are still found within 
these strata. 



THE END. 
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REPORT OF THE FIRST ANNIVERSARY MEETING 

OF THE 



CAVENDISH SOCIETY, l^a 

HelI) oh MONDAY, JULY 17th. 1818, 
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■ INCLUDING THE REPORT OF THE COUNCIL, TUE LAWS 

ADOPTED FOR TBE GOVERNMENT OF THE SOCIETY, 

AND THE LIST OF MEMBERS. 



_\ Genebal Meeting of the Members of the Cavendish 
^ ^ So^i^ty was held, pursuant to advertiaemcnt, at the house of tlie 
'"^; Pr6sidont, 9, Torrington Square, on Monday, the 17th of July, 
: > ■ 1848, at thrcjj o'clock in the afternoon, for the purpose of 
'^rpccivnig a Keport from the Council, and for other businoaa. 
'. ,;Tb6 obair was taken by Thomas Gbaiiaju, Esq., V,P.K,S., 
; l^Pl»B8U>ENT, who briefly opened the meeting and introduced 

TITE REPORT OF THE COUNCIL. 

■ -.• Two years have nearly elapsed since a meeting was held at 

■ *.(Jie n ' IS of the Society of Arts, " to take into consiJcratloD 
' the forniation of a Society for the Tnmslalion and Publication 

'«f Works and Papers on the Science of Chemistry, and its 
ttpjilications to Mineralogy, Manufacture?, &e," At that Meet- 
ing it was resolved that a Society, having the above object, 
should be formed; and "a Council or Managing Committee of 
. twenty gentlemen, resident in London," were ait]>ointod "to 
,' enTxy the object of thie Society Into effect." 

The first suggestion for establishing such an Eissociation 
iijijjitars to have originated with some mcmlicrs of the Cheniicul 
SmiTcty. among whom were Dr. Leeson, who ])resided at the 
meeting alluded to, and Mr. Waringttm, who hu^ since aclwl aa 
one of the Honorary Secrctarict>. It was lliuuglit that while 
tliu Si/dcnhaut, tliu Hay, the Camdint, and Other siuiilur BucicticK 
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were siiMeesfiilly promoting the cIrciJiiiion of scientific liter*-' 
lure tu tlieir rcspcctirc depnrtmenta, tLere was yet wanting the 
mouia for extending such benefits to those engaged in tbe 
pursuit or application of Chemical Science. 

The Council, on entering upon the duties assigned to them, 
directed their attention, in the first instance, to the definition of 
the object of the Society, and the name it should hear. 

The Association was designated The Cavenhish Societt, 
and a prospectus was issued, in wliich its object, and the means 
of carrying !t into effect were thus described: — 

" 1. The object of the Society is the promotion of Chemical 
Science, by the Translation and Publication of Works and 
Papers on Cliemistry and its applications to Agriculture, 
Mineralogy, Medicine, and Pharmacy, 

" 2. Every Subscriber of one guinea aimually shall be 
considered a Member of the Society, and shall be entitled to 
one copy of every book published by the Society during the 
year to which his subscription relates; and no Member shall 
incur any liability beyond the annual subscription, 

" 3. The number of copies of the Society's publications' 
shall, unless otherwise directed by the Council, be limited to 
tlie number of actual subscribers, who shall have been enrolled, 
and [laid their subscriptions, 

" 4. The Society will commence its publications as soon Be, 
in the opinion of tbe Council, a sufficient number of subseri1>en 
shall have been obtained, » 

"5, The number of volumes to be published by the Society 
must be regulated by their taze, and by the number of tJia 
annual subscribers; but tlie Council contemplate at present the 
publiciitioo of not less than three volumes each year." 

Mr. llichard Phillips, who had beeu nominated as Prmdent 
of the Society at the General Meeting, having declined to 
accept the appointment, the Council elected Professor Graham 
to that office, Tliey also appointed Dr, Day as joint Honorary 
Secretory with Mr. Wariugton. 

These preliminary an-angements having been completed, the 
Council proceeded to make known the establishment of the 
Society, by the distribution of the prospectus, and (»_v the inccr- 
tioii of notices and advertisements lu different pcviotlicals, wi 
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the view of ascertaining the extent to which the under talcing 
waa likely to be supported by the public 

Many promises of support were soon received from chemiatB, 
manufacturers, and others, indifferent parts of the country, and it 
was tliouglit desirable to appoint, from among the more xealoue 
and intluentinl of these, local secretaries for eome of the prin- 
cipal provincial towns. The Council have pleasure in acknow- 
ledging the valuable aid ihey have thus derived in the extension 
of tie list of subscribers. 

But the accession of members, although steadily advancinjr, 
was by no means rapid; and the Council decided to suspend any 
active steps towards the publication of books, unt'd there should 
be the prospect of such a number of subscribers as would 
enable them to carry out the object contemplated in a satisfac- 
tory manner. Notwithstanding this resolution, however, the 
attention of the Council was early directed to the selection of 
suitable works for publication when the time should arrive fo 
commencing operations, A volume of " Reports and Memoirs," 
on Bulijects connected with chemical philosophy, waa fixed upon 
as tfie first publication, and it was decided that this should lie 
followed by a translation of Gmelin's Chemistrj-. 

At length, it was thought that the number of members was 
sufficient to justify the Council in proceeding to publication, 
and although the amount of subscriptions actually received at 
that time waa not large, yet, as the Treasurer had very liberally 
offered to advance any sum of money that might be required, 
the Council decided to print, and are now prejiarecl to circulate, 
their first volume, entitled "Chemical Reports and Memoirs," 
They ore also proceeding with the printing of Gmelins Che- 
mistry, of which the first volume will shortly be supplied to 
the members. 

In the choice of the Reports, the Council have selected 
those which treat of the present condition of our knowledge 
in certain branches, having a special interest in the present 
state of chemical seicnee; and the Memoirs Ate on subjecta of 
general and practical interest. 

The Council, having thus, to a certmn extent, fulfilled the 
commission with which they were entrusted, present themselves 
before the subscribers to render nn account of their proceeding*. 

n -2 
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Althoagh the prc^reas which bu been made in the ertablJisli- 

[BMnt of the Csvcfl«Iiith Society, hw not been so r^id, nor (be 

of eitppon so exteiLsiTei as they were in the inftaaoes 

tof BOme prarioufly-fonneil eodetiea of similar deecriptioa amoog 

lotiier edeotific bodies, yet there ib reason to beUcre that tbo 

^•dnalagee resulting tram araoetatioDS of this Idnd are appre- 

caated by the less nttmeroiis, but rapidly inoreasing l>oilr of 

pcactieal and adcntific cheoiisls throughout this c^unlrr, and 

tluit vhco these advsnti^es are mode avukble to theui, and 

thia Society is bronght into active opentiun, tliere will be a 

sufficient numWr of sujiportere to justiiy the anticipattona of 

the promoterj of llie uadertaldng. 

In resigiung the trujit n-hich they have hitherto held w a 
Prorinonai Co«uniltee, tiie Council have felt it their doty to 
preiwre, and to submit to the Members for their consideratjun 
and apftroval, a set of Lavs, by which the constitution and 
guTcrament of the Socuety arc proposed to be defined. 



The Pbesidevt directed the attention of the Meeting to 
the first volume of tlie pubUcatioae of the Society, entitled 
" Chemical Reports and Memoirs," a copy of which was on the 
table. It would be ready, he said, for diairibution to the mem- 
bers in a few day& 

He stated, iliat as the present woidd be considered the firet 
year of the active operations of the Society, to which all 
eubecriptions hitherto jiaid by members would have reference, 
there would be no r^ular financial report presented until the 
next general meeting, but one of the Secretaries would give 
any verl»l information that might be rc(itiircd with regard to 
the number of memlKTS, and tlie sums of money which had 
been received and paid by the Treasurer. 

Mr. VTARiKoros stat«l ihni he had ret^ived the names of 
533 members, and sul*scriplion8 had been paid to the amount 
of 173i. 5*. Orf. It had been estimated tliat six Jiundred mem- 
bers would afionl a sufficient income to mcL-t the expenses of 
publi^hin-r the volume of " Reports and Memoirs," and U.c first 
volume of Gmelin-a Chembtry, together w.tl. the expenses 
hitherto incurred in the manngeroeut of " -^J- 
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Tub President remarked that tte number of meaibcM 
Jilrwuly enrolled was quite jis \nrge as could liave been reason- 
ably exiiccted, coneiJering that the Society liad not been mncii 
iwlverliswl, and that none of the worka of the Society hod yet 
appeanxL It wns anticipated that there would be a considerable 
uoceesioD of niembers when the volume now ready was an- 
nounced for circuhition, and he trusted the number Would 
extend to nine or ten hundred, as tlie Council would then be 
enabled to issue a second volume of Gmelin's Chemistry as part 
of the return for the first year's subscription. 

It was moved by Mb, Alfred White, Bceondcd by Ma. 
BcTTON, and resolved, 

" That the Keport just read be received and adopted." 

The Laws referred to in the Rejiort as Iiaving been prepared 
by the Council, were then read to the Meeting, and 

It was moved by Sir. Redwood, seconded by Dr. GuLDlNO 
Bird, and resolved, 

" That the laws prepared by the Council, and now read to 
the Meeting, with some verbal alterations, be adopted as the 
fundamental laws of the Cavendish Society." 

LAWS OF THE CAVENDISH SOCIETY. 

I. The Cavendiali Society is instituted for the proiootian of Chemistry 
■ncl its allitd Science.i, by the diffusion of the literalure of theae Huhjtcls. 

II. The object of the Society will be effected by the trauslation of recent 
works and papers of merit; by tlie pu1>lication of valuable uriginiil woiki, 
which would not otherwise fie iniiitcd from the ulender chunue of ihcir 
meeting with n remunerative siile ; and by the occasional rcpubhcation ur 
tnuislatiun of such uneient or toilicr mudt-iii worka as may be considered Ui- 
teniatirg or useful to the Memlicra of the >iociety. 

III. TliG Society sliall conaiat of an uiiliiniled number of memberB. 

IV. The subscription constltutinc; n Member sliall be one Guinea; to 1« 

r'd iu advance on the If I day of Jaiiunry In each year ; lor h liich lie sliiill 
entitled lo a copy of every work imblishcil by the Society fur the year 
fur which he subscribeti. 

V. The Ofiicera of the Society shall l>e elected from the Members; and 
sbidl I'onsiat of a fresideot, twelve Vice- President*, Trvasui'er and Secret»i-y, 
and a Council of nixteen. The power of framing bye kws, ruid directing 
the ikSiiirs of the Society alioll he vested in tlie Council. 

VI. The President, Vico-Pri>?iiIent9, and Council shall bn elected nn- 
niially by th« Members nltendln^' nl the iteiicial aimiversory iinvliii:; of tho 
Society; and the election shall be by bnllnt. Uullutln^ \\it6 of jMi-iiilii'nt 
|iro|>u»ed by the Council, with liIanK spaced lor bucli iillcralluiis an any 
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MnnWr iiiuy vvitih lo make, shall 1i« lud ou tlie Society** Tftble fat the tuc <il 
tlie Meinbt'ts, 

VII. Tlie Pmudent and Vice-Presidenls shall be eligible for re-electloti, 
except tlifll nf the Vice-Presi.lenls, two sliall retire fvery second ycai, the 
retirements liaviug l>e«n delemiincj bj- the Council. 

VIII . Four uf the Council of the preceding year shall be ineligible for 
rp-clectiun, llie retirementG lo be dettTmineii hy Uic Coimcil previous to the 
Annual Alee ling. 

IX. The Council shail tm mediately fill up vuciuicies occuring in tlieir 
niiiulrers, in conBequence of ihe death or relii'eiiicnl of Jlciubeia nt pcriodB 
ooteoedent to the Annual Kleeiing. 

X. Tlie Council shall aiiiiunlly nontioate, Bubj^t to the a^provnl of tb« 
General M^ciing, a Secrct&ry and Treusui'eT, vrlto shall exo/^ao be Mcmbeis 
of the Council, 

XI. The Council aliall also appoint Local Bonoraiy Secretaries wherever 
they »liall«ee tit. 

XII. Tile Preslilent shall ex offieio be a Meml-er of the Council. He 
shall preside at the Atinuikl and Extraordinary Meetings of the Society ; in 
his aliBcuce, oue uf the Vice- Presidents, or the Treasurer, or any Hemher (rf 
the Council, clioi<en by the Members preaent, shall take the chair. 

XIII. The Council >thall appoint, on Tho noruination of the Treasorer, a 
Collector, whose duties abuU be defined by tlie Conrtcil. 

XIV. The Treasurer, or Collector, shall recidveall money due or payable 
lo the Society. 

XV. The money in the hiinde of the Treasurer, which shall not be imme- 
diately required for the uses of the Soeivty, shall be vested in Govenuneat, 

or such utimr a<|)eedily available securities as shall be approved of aud diiected ^m 
by the Couucil. fl 

XVI. The Council shall select the works to be pnblished by the Society, ^ 
and sitall make all arranuemenu, pecuniary and otht-rtvis^, in r^nrd to 
I'ditiiip-, tramiliiting, preparing worln for Ihe press, printing, \-c. But in the 
event of any Olficer of die Society receiving salary, or belnj; appuinled to 
lidU any work for the Si>tietv, for which he ia to receive pecuniary reinu- 
neiBtion, he sliall immedialely cease to be a Momber of Council. 

XVH. The Council shall lay before the Meuilieia, ut each Annivctsarjr 
Meeting, a Report of tJieir proceedingn during tbe [lOst year, and also an ac- 
count of ihe receipts imd expenditure of the Society; and shall further 
cuilH« to be printed and circulated arnon^ the Meriibcrs an abstract of bucI) 
Ueport and Accounts immediately after eticli Anniversary Ali'ttlug. 

XVIII. The annual accounts of the Receipts and expenditure of the 
Society shall he audited by a Cominittee of three Members, scieclcd at tlie 
preceding Anniversary Meeting from among tho Members at largu. 

XIX. The Seei'elaiy shall have llit nianaireincrit of the general corres- 
pondence of the Society, and of such other buiunesi as may arise in oary- 
ing out iti objects. 

XX. The Local Secretaries shall Ih? in commnnicatlon with tbe Metropo- 
litan Secretary, and aid in their several districts in furtliering the objects 
of the Society. 

XXI. M em l>era shall have the Jirivili^ of proposing works for publica- 
tion, and sliail address their propositions lo the Council, 

XXII. nie Society sliall hold iU Anniversary Meeting on the 1st of 
March, or on the next lawful day tlicreaftcr, at eucb time and nlnce as the 
Council may agiee upon, notice of the said Ann iveisary MeetiiiK liavingbeen 
given to Members at least one week previously to Cbe day fixed upuu. 
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XXIII. No Mcmlvet shall he entitlei) to raceive llie Society's publications 
unless Ills QDitual subiH:ription blmjl have been diiJy paid. 

XXIV. I'liti works uf the Society bholl be handsomely printed, on an 
unifona plan, tor Meiulmrs ouly. 

XXV. It shfill not be competent for book-clubs to subscribe to the 
Society aa Members; but it shall be permitted lu societiBi and institutions 
havinir pt:niianenl libraries to subscribe to the Society id the nmne of their 
Presiiienl, Secretary, or Librariiiti, or other reaponaible Officer. 

XXVI. No BiteratioQ of the laws of the Society shall be made, except 
nt a General Meeting ; nor tlien, unless notice of the alturalion intended to 
be proposed at such Meeting shall liavu been laid before the CoiinuU al least 
one luonlh previously. 

XXXVII. TLc Council shall have power to call a Geiwriil Meeting of 
the Members at any tiiue ; and shall also do so within three weeks, upon re- 
ceiving a requisition in writing to that efiect &om not less thou twenty 
Heuibers of the Society. 



The pREi;roENT stated thm the next business of the Mectbg 
TCOuIJ conaiet in electing a President, twelve Vice-Presidents, 
a Tieasurer, sixteen Members of Council, and a Secretary, ia 
accordance with the liiws which hod just been adopted. 

A ballot having taken pkcc, the fullowing were declared to 
have been duly elected ; 



Arthur Aikio, Esq., F.O.S. 

Prufiasor Brandc. F.R.S. 

Enrl of Burlington, F.R.S. 

PrafcMor Daabenj, F.R.S. 

Profeuot Findiy, F.R.S. 

R». Wn. Veman Usrcourt, F.R.S. 



^rcditrrnt.— PrDfesBOr Grahiim, V.P.R.S. 

S.rR. Kane. M.R.1.\. 

TliD Marnuii of Norlhsnipton, P.R.S. 
Richinl Pbillijia, E»|.. F.R.S. 
WUliani Front, M.D., F.R.S. 
Tliomu Thomsoa. M.D., F.R.5., L.&E. 
James ThoDuoa, Esq., F.R.S. 



Uenrf Beaamioat Locson. -M.D., St. Thomu's Uoipllal, Soatbwirk. 



jMob Bell, E>i|. 

Benjimin Brodip, £«)■ 

GpoTgeE. Dnj, M.D. 

Warrm Detorue, Eui. 

J. P. Gisiiol, Esq., F.R.S. 

J.J. Griffin, Esq. 

A. W. Hofinonn, Est|., Ph.D. 

riorewot W. A. MiUcT, F.R.S. 



CavmtlL 

Jonathan Pereira, M.D.. F.R.S. 
Ljou FUjfalr, Ph.D., P.R,S. 
R. Porret, Esq.. F.R.S. 
Profcuor T. Redwood 
Edmund Ronaldi, Ph.D. 
Prartuor WbeeUIonf . P.R.S. 
Alfred White, Eiq.. P.L.S. 
Ucut. Colonal York*. 



frtrrtaiif. 
Robarl Waringlon, Eaq., Apothocorioa' Hall. Dridfe Stmt, BUdtMara, 
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9 nin REPORT OF THE CATKNDIBH SOCIETT. ^H 

It waa moveil by Mr. BUTTON, seconded by Mr. W. 
Delarle, and resolved, 

" That Dr. Golding Bird. Dr. G. D. LongaUff; and Mr. 
T. H. HeoTT, be apiiouit«d to act aa Auditors until the next 
Annivci^aiy Meeting." 

It was moved by Mr. Warren Delabub, seconded by , 
Dr. Lton Platfaib, and resolved, 

" That the Report, tlic Laws, and the List of Officere, ha\ 
printed (or circulation among the Members." 

The following Kesolutions were then pro])oacd and' 
unanimously adopted: — 

Moved by Mr. CoATES, seconded by Mr. P. J. Chabot, 
" That the thanks of the fleeting be given to the Prc^dent, ', 

Treasurer, Council, and Secretaries, fur their services to thej 

Sodcty." 

Moved by Mr. R. Gallowat, seconded by Mr. A, White, 

*' That the thanks of the Meeting Iw given to the Local 

Secretaries fur their services to the Society." ^^^h 

Moved by Mr. Warin'gton, seconded by Mr. R. Philli^S^^ 
"That the thanks of the Meeting be given Ki the Presi- 
dent for kindly allowing the Meetings of Coundl and the 
present Meeting to be held in his bouse." 

It was then announced that the next Anniversary Meeting! 
of the Society, as directed by Law XXII., would be held on J 
March 1, 1849, and the Meeting adjourned. 



ROBERT WARINGTON, 
GEORGE K DAY, M.D. 



Hon. Secretaeies. 



LomWN, July 17M, 1848. 



OmCB or TB* Socisn-. at Mr. Jolm JoMrph GHffin'f. iS, Bskrr Slnct, 
Poitmu) Sqaim. •here Mtmben. not olbenriK sup|)lieJ. oia^ rcwive 
Ihr Works of Ibe Sodetj, on application. 

eDlUtUr.-Mr. Chnlcs WoodbU, 7. Canterbu:? Plucc. Ukliiort]i. 
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rm^. Michvl, D.C.L.. TILS.. FoUe- 
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laffitalMO of Greil BhUiD. 1 1 , AJbestuki 

rWbn. HcrtKn. I. Kiog't Bench nU. 

ftn— in. W., IS. WkMtea icnK, L074 



Peis«MM, Robert, H.D.. 9. Qoau itrMt, 

Mnbtr 
Vwba. J.. HJ>^ P.ILS.. 1!. Old 8ur- 

EagtoD Hnei 
Fbrta. Ednxi. P.R.S.. erakwor at 
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FwIbt, George, Nnrin^tDD pWie. Kcd- 
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FruBplHi. A , M.D.. 35. New Bro«J strwt 
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O^riBtr, Vmtm, H.D., Bolton *lnct, 
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GdtMnr. Ratien, G>U«(c of Ciiil Eogi- 

Bcaa, PotoBT 
QvBi. J.. Fea^nich itreM 
tlMiiliitr. J. P.. P.R.S.. CUphui izoaiiDoo 
Gcalagial Miutcuii, 6, Cnif 'it'OBit, Char- 
ing crosa 
Gtuncr. DarwK* J., Old Borlington itrtct 
Gibbuu, II. B.. L'niTrnilj Collc^ 
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TDrhotMD (qoara 

Gnvnhill, J. R.. 102. Kfnnlngtoii ro^ 
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53. Baker Bind, PortoAn (qture 
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